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C.1 INTRODUCTION

C.1.1 PURPOSE

This Appendix is published to report in detail the reliability analysis and quantitative
predictions of crew safety and mission success for the Apollo~Saturn504 Manned Lunar
Landing Mission. These are set forth, together with qualitative engineering review
comments and recomniendations, in this Appendix to the Quarterly Status Reportdated
8 October 1965 and prepared by the Apollo Reliability and Quality Assurance Office of
NASA, Washington, D.C.; in accordance with Apollo Program Development Plan
(NPC-500), Section 10.6, and the Apollo Reliability and Quality Assurance Program
Plan (NPC-500-5), Section 4.

C.1.2 ORGANIZATION OF THIS APPENDIX
Section C.1, this Introduction, describes the considerations and methodology employed

in making the quantitative evaluations reported in this Appendix.

Section C.2 is a summary which presents a brief recapitulation of the most significant

reliability analyses which were made of

Crew Safety and Mission Success (Section C. 3)
Launch Vehicle Reliability (Section C. 4)
Space Craft Reliability (Section C.5)
Ground Operational Support System (Section C. 6)

Each of these Sections, in turn, begins with a summary statement of present estimates
of contribution to mission unreliability for each of these major mission elements, fol-
lowed by a detailed presentation of reliability estimates for the various components,

subsystems, systems, stages and phases of these major elements.

C.1.3 THE RELIABILITY CONCEPT

Recognizing that there can be no actual launch of a manned space vehicle without full
assurance of crew safety and mission success, the Apollo Program Office estab-

lished standards of reliability for all phases of the programs, This Appendix
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is concerned with the prediction of mission success and crew safety. In this con-

text, reliability is defined as:
"The probability that system, subsystem, component or part will
perform its required function under defined conditions at a designated
time and for a specified operating period" (August 1963 Apollo
Terminology, NASA SP-6001)

Over the past few years, reliability prediction techniques have clearly demonstrated
their value to the military hardware field, particularly in the newly developing space
technology. In addition to highly accurate predictions of reliability, significant cost
reduction possibilities can come from reliability analyses, particularly in the design
stage. It should be emphasized, however, that the benefits arising out of reliability
analysis can be realized only if the scope of the analysis is inclusive and supported by
an adequate data base. The input requirements for a valid reliability study are severe.
Confidence in the model output is closely related to the quality, validity, and accuracy
of the input data supplied.

To assure that the established goals of high reliability will be met, NASA requires that
all contractors perform rigorous reliability analyscs as part of their contractual re-
quirements. The data from reliability analyses is furnished by contractors to the
NASA Center (MSFC, MSC, or KSC) concerned with performance of specific contracts.
The Centers also conduct related and supplementary reliability analyses. The Center/
contractor data is then supplied to the Apollo Reliability and Quality Assurance Office
for evaluation by reliability monitors. Reviews of reliability analyses are provided at

each level to coordinate and verify all reliability data and activities.

C.1.3.1 Assurance of Uniform Methodology

To assure that the reliability studies conducted at each level are compatible and co-
ordinated, Apollo Program Office policy requires the development and utilization of
uniform evaluation techniques and procedures. Toward that end, the Apollo Reliability
and Quality Assurance Office sets up review procedures for all levels and provides
uniform analytical procedures, such as are set forth in the document "Apollo Reliabil-

ity Estimation Guidelines, "
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C.1.4 RELIABILITY ESTIMATION

C.1.4,1 Obtaining Quantitative Values

Mission reliability estimates are made by utilizing the data and processing techniques
involved in:

1. Apportionment, which is an assignment of responsibility to contractors

for achieving certain defined, reliability goals.

2. Predictions, which are estimates of the best performance expectancies,
as derived from past performance data and updated state-of-the-art ac-
complishments,

3. Assessments, which are measurements derived from actual perform-

ance tests of equipments.

The values evolving from these assigned goals, estimated performances, and test
measurements are subjected to analytical techniques utilizing probability theory, sta-
tistical analysis, and models which simulate actual performance of parts, assemblies,
subsystems, and systems. The analysis yields a quantitative evaluation of reliability
which, when properly coupled with qualitative engineering evaluations, provide an ef-
fective means for gauging the potential reliability of the mission,

C.1.4.2 Mission Reliability Profiles

Prior to the construction of the models, the specific in-flight mission phases are ana-
lyzed to relate the functioning of the parts, assemblies, subsystems and systems to
the actual requirements of crew performance, mission events, operation constraints,
trajectories, environments, timed events and possible contingencies. In making this
analysis for the Apollo-Saturn 504 Mission a document designated as Design Reference
Mission Reliability Profile was developed (Reference 3). This document utilizes data
from the Design Reference Mission (Reference 2) prepared by the Apollo Mission Plan-
ning Task Force. This Profile was sent to reliability personnel at NASA Headquarters
and Centers. Useful comments were received from Bellcomm and the Marshall Space

Flight Center. A simplified version of the Profile is shown in Figure C.1-1,

AN 3/4
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The Profile as now constituted provides a base for a simulation of the Apollo-Saturn
504 Mission. However, more accurate modeling will be accomplished upon receipt of
additional input data from contractors, Centers, and the interim flight now scheduled.

C.1.4.3 Mission Ground Rules

The model constructed for simulation of the Apollo-Saturn 504 Mission was subject to
a number of constraints, necessary assumptions, and required conformance with es-
tablished ground rules. Such constraints and assumptions are generally included in
the parameters of every model and are dealt with accordingly. For example, although
the policies and rules defining the conditions under which the mission will be discon-
tinued have not yet been fully resolved, operational rules and assumptions are repre-
sentative of those integrated into the model:

1. All Guidance, Navigation and Control equipment must remain operative
until the Lunar Excursion Module descent.

2. After LEM descent, no Command Module Guidance or Navigation and
Control equipment can be cause for abort until LEM rendezvous and
docking have been accomplished,

3. The three fuel cells and all batteries must operate during Earth Orbit
phase,

4, An abort is required when another failure in the Service Module Pro-
pulsion System would result in complete failure of this system.

5. During the time period from Launch Escape System jettison to S-IVB
ignition, a suborbital abort will be the primarjr abort mode,

6. During the period from S-IVB ignition to Earth Orbital Insertion, an
abort-to-orbit will be the primary abort mode.

7. In case of an abort-to-orbit, the deorbit maneuver will be executed at
a precise time in order to enter one of the three recovery areas,

8. The Service Module with a maximum AV of 10,000 FPS provides the
only propulsion function capability for returning to earth from a trans-
lunar or lunar vicinity abort.

9. Only one type of abort was considered for each given time point in the mis-
sion. The abort trajectory was calculated for the minimum return time to

vica



10. Any abort initiated on the lunar surface was calculated on the basis of
an assumed launch at the optimum time (window) for rendezvous with
the Command Module,

The operational rules listed below were integrated into the model:

1, The crew has the primary responsibility for decisions during the
mission,

2, The prime mode for vehicle control is automatic, but crew members

control the LEM during final touchdown and the terminal docking
maneuver,

3. The prime mode for attitude control is automatic.

C.1,4,4 Logic Diagrams

The complex relationships and interfaces which act upon mission reliability are de-
picted in logic diagrams to facilitate study and analysis. These diagrams depict in
sequences all the possible events leading to the success or failure of the mission., In-
cluded in the diagrams are sequences built into the system to provide alternatives for
defined contingencies. Examples of a logic diagram and a more detailed explanation
of their construction and application can be found in Apollo Estimation Guidelines, pre-
pared by the Apollo Reliability and Quality Assurance Office of NASA,

The reliability logic diagrams constructed for the model to simulate the Apollo-Saturn
504 Mission included representations of 957 hardware elements. These elements var-
ied in complexity from a launch vehicle stage, to an accelerometer in a subsystem,
Many of these 957 representations required delineation of thousands of impinging con-~
siderations., A logic diagram reduces these intermingled complexities to manageable

configurations.

C.1.4.5 Reliability Data

Reliability data are used to compute success probabilities for given equipment over
specified intervals in the mission. Such data include:

1. Failures with respect to either time or cycies of operation.

2, Failure modes.




A,

3. Environmental stress modification factors.
4, Operating mode stress modification factors.

5. Equipment Operating Profile.

C.1.4.6 Equipment Operating Profiles

Reliability analyses require equipment operating profiles that provide a subphase by
subphase description of the performance requirements for all equipment that will op~
erate during the mission, These profiles take into account such factors as: the dura-
tion of time equipment must function; its status during each point in missiaon,

i.e., "on", "off", "standby", etc., mode of operation and environmental stress factors.

Information for the equipment operating profiles is extracted from Center/contractor
documents, supplemented by the Design Reference Mission document (Reference 2).
Failure rate data is also extracted from accepted failure rate data sources. The im-
portance of monitoring reliability data supplied by contractors and their vendors is il-
lustrated by an instance in which the failure rate listed for a pressure transducer was
almost 1/2000th of the failure rate listed in accepted failure rate sources (Reference 62).

C.1.5 APPLICATION OF RELIABILITY ESTIMATION

C.1.5.1 Apollo-Saturn 504 Mission

The body of this Appendix gives present reliability estimates for the Apollo-Saturn 504
Mission as related to crew safety and mission success. The estimates are given as
probabilities derived from reliability analyses of apportionment, prediction, mission
and system information as they relate to the Saturn V Launch Vehicle, the Apollo
Spacecraft, stages, modules and subsystems. Information on the Ground Operational
Support System and the Manned Space Flight Network is included in summarized form.

Pre-liftoff aspects are not included in the current analysis.

C.1.5.2 Apollo-Saturn 201 Mission

The model for this mission contains many of the same or similar elements described
in this Appendix. There are differences in the way the models are structured, reflect-

ing the specific system/mission design and reliability analysis needs of each mission;

10




but the similarities are such that much of the Apollo-Saturn 504 Mission/system in-

formation, logic diagrams, and reliability data has direct application to the Apollo-
Saturn 201 Mission, which is detailed in the Quarterly Report, Section I.

The estimates of the probabilities of crew safety and mission success reported in this
Appendix are made periodically and provide a means for comparing program progress
with declared program goals. The estimates also provide definite answers to such
questions as, '"How far is the program from its mission success goal?", "Which is
the most dangerous part of the mission and why ?'"" Such information can lead to con-
clusions and remedial action by program management which will help insure attain-
ment of program objectives and announced goals.

11/12
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This section presents the major results of the reliability analysis of the Apollo-Saturn
504 Manned Lunar Landing Mission. Additional information amplifying and supple-

menting the results are provided in subsequent sections,

C.2 SUMMARY

The current reliability status of the Apollo-Saturn 504 mission and systems is ex~
pressed in terms of system and mission phase impact on the chances of crew safety
and mission success, on associated technical problems, documented reliability ap-
portionments, reliability predictions, and crew safety and mission success probability
degradation as a function of mission time and phase,

Apollo Program documentation, including documents issued by the Manned Space Flight
Center, Marshall Space Flight Center, and their respective contractors, provides
basic information for this mission analysis. Center/contractor reliability prediction
and apportionment data together with reliability models and other engineering inform-
ation were used to structure the Apollo-Saturn 504 Manned Lunar Landing mission/sys-
tem simulation model, providing the Apollo Program Office estimates of:

Predicted system/equipment reliability

® Predicted mission phase reliability
® Predicted crew safety probability
® Predicted mission success probability

In addition, the unreliability contributions by equipment, system, stage/module and
mission phase were derived from the mission simulation. Tabulations providing com-
parisons of contractor documented reliability apportionments and predictions are in-
cluded in this Appendix. Ground Operational Support System reliability considerations

are given in summarized form. Prelaunch aspects are not included in this analysis.

C.2.1 SATURN V LAUNCH VEHICLE

The Saturn V Launch Vehicle is comprised of the S~-IC, S-II, S-IVB and Instrument

Unit. The Saturn V Launch Vehicle reliability prediction of 0, 76 approaches the ap-

portionment of 0. 85 stated in the Saturn V Program Development Plan (Reference 10),

There is no significant difference between Apollo Program Office and Center/contrac-

tor predictions of mission success for the Saturn V Launch Vehicle.
C
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The S-II and the S-IVB are the largest contributors (approximately 42 percent and .

35 percent respectively*) to the total Launch Vehicle unreliability of 40 percent. Fig-
ure C.4-1 shows relative contributions of each Stage to the predicted Launch Vehicle

unreliability.

Figure C.4-2 shows the predicted Launch Vehicle and Stage success probabilities as a

function of mission phase.

The J-2 engines (S-II and S-IVB Stages) are the greatest contributors to Launch Vehicle
unreliability, primarily because of the relatively long operating time of the five engine
subsystems during the mission and because of J-2 malfunction problems. There are
other equipments which stand out significantly as main contributors to the Launch Ve-
hicle unreliability. These equipments are: the duct gimbal joints and ducting bellows
(S-IC Stage), the auxiliary propulsion engines (S-IVB Stage), and an equipment selector
switch in the S-IVB Stage.

The S-IC Stage and the Instrument Unit combined contribute approximately 23 percent

to the unreliability of the Launch Vehicle. The stage-by-stage comparison of relia-
bility apportionments and predictions shows no appreciable difference between Center/

contractor and Apollo Program Office values.

C.2.2 APOLLO SPACECRAFT

The Apollo Spacecraft is comprised of the Command Module, Service Module, and

Lunar Excursion Module,

Technological interfaces have given rise to the term "Command Service Module", ac-
knowledging the fact that two modules function essentially as one unit during the entire

mission (up to the nominal mission event, "Service Module Jettison'', at about 198

hours after liftoff). Launch Escape System and Adapter are included with those con-

siderations concerning the Command Service and Lunar Excursion Modules respectively.

(*) Percentages have been rounded off.
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Analysis results show that approximately sixty percent of the mission unreliability of
the Apollo Space Vehicle is due to the Spacecraft. Withthis percentage taken as a base,
the Command Service Module contributes 69 percent and the Lunar Excursion Module
contributes 31 percent to Spacecraft unreliability, Of all Spacecraft systems and
Launch Vehicle Stages, the Command Service Module Guidance, Navigation and Con-
trol system ranks first, with a percentage contribution to predicted overall mission
unreliability of 17.6 percent, Figure C.5-5 illustrates mission success probability
versus major mission phases,

Values for the probability of crew safety cited in Center/contractor documents relate
separately to the Command Service Module and the Lunar Excursion Module, The
Apvllo Program Office believes that the computation of crew safety probability for the
manned lunar landing mission must be based upon considerations of all participating
systems including Ground Operational Support (See also Reference 4), This hLelief,
however, does not deny the necessity on the part of the Manned Space Center and its
contractors to explicitly consider and include in program documentation their esti-
mates of the probability of crew safety for both the Command Service and Lunar Ex-
cursion Module. For the reasons just given the Apollo Program Office has focused
attention on estimates of the probability of Spacecraft systems success where these
estimates are based upon Center/contractor predictions for successful operation of
Spacecraft systems during a manned lunar landing mission,

The Apollo Program Specification (Reference 1) cites the Command Service and Lunar
Excursion Module reliability apportionments (mission success goals) as 0.96 and 0. 98
respectively, These figures are in agreement with the Center/contractor documented
reliability apportionments (References 52 and 42), The corresponding Center/con-
tractor apportionment values(*) are 0.964 and 0.987. The product of these two num-
bers is 0, 96,

The Apollo Program Office predictions, based on Center/contractor subsystem and

component reliability predictions for the Command Service and Lunar Excursion Mod-
ule, are 0,766 and 0. 889, respectively. The product of these two numbers is 0. 68,

(*) Numbers are rounded off.
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The Center/contractor predictions for the Command Service and Lunar Excursion
Module are 0,944 and 0, 844, resulting in a product of about 0.83. The relatively large
difference between the Center/contractor and Apollo Program Office predictions for
the Command Service Module and, therefore, the Apollo Spacecraft,is dueto currently
unresolved differences between Center/contractor and Apollo Program Office relia-
bility models, data, and mission information. In particular, the Apollo Program Of-
fice considers some of the abort criteria, backup modes, and redundancies to be ques-
tionable. For example, the contractor's reliability logic diagrams of the CSM En-
vironmental Control System incorporated the assumption that the mission will be
aborted only after failure of the secondary suit loop compressor, The present analysis
assumes that the missionwill be aborted after the primary suit loop compressor fails,

The Manned Spacecraft Center is currently working with the contractors to resolve

this and similar problems concerning other spacecraft systems and subsystems.

C.2.2.1 Command Service Module (CSM)

The Command Service Module contributes 41 percent to mission unreliability. Fig-
ure C.5-5 shows the percentage contribution of systems to this Command Service
Module unreliability,

A summary discussion of the reliability status of the Command Service Module sub-

systems follows.

C.2.2,1.1 CSM Guidance, Navigation and Control System

This system contributes 42.8 percent to the Command Service Module unreliability.
Ground rules (Reference 32) dictate that the mission be aborted if any of the Guidance
Navigation equipments fail prior to initiation of Lunar Excursion Module descent. This
ground rule plus the unreliability of the two continuously operating Flight Director
Attitude Indicators, and the two Gyro Packages, make the Guidance, Navigation and
Control system of the Command Service Module the leading contributor to the prob-
ability of mission failure. Continuous operation of both Indicators and Gyro Packages
during the long Translunar Coast phase significantly degrades reliability. Placing

the equipment in the "off"" or "standby'" mode during most of the translunar coast phase
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of the mission should be considered. A comparison of the present prediction estimate
to the contractor's apportionment and prediction values cannot be made at this time
because the contractor does not consider the Guidance, Navigation and Control system
as a separate system but as part of the Integrated Electronics system. The Apollo
Program Office prediction estimate of 0.984 reflects the Guidance, Navigation and
Control system as a separate portion of the module.

C.2.2.1.2 CSM Environmental Control System

The Environmental Control system contributes 19.8 percent of the predicted
Command Service Module unreliability. Most of the system unreliability is due to
leakage around the pump bearings in the water glycol circuit. Improvements in the

design are being evaluated.

C.2.2,1.3 CSM Communications System

The Communications system contributes 11. 8 percent of the predicted Command
Service Module unreliability.

Communications during the translunar coast may be unreliable due to expected per-
formance limitations on the S-band directional antenna and the S-band power amplifier.
In the absence of contractor information, definitive ground rules for determining mis-
sion success were postulated for analysis purposes. The current prediction is con-
servative because the possibility of successfully completing a mission with degraded

communications has not been considered.

Contractor apportioned and predicted mission success reliabilities are grouped under
the general title of Integrated Electronics; therefore, no valid comparison with the
Apollo Program Office prediction is possible.

C.2.2,1.4 Service Propulsion System

This system contributes 11 percent to the predicted Command Service Module un-
reliability. Combustion instabilities and the long operating time of the propellant
tanks degrade the reliability of the system. The storage tanks, in use for the entire

mission, are the largest contributors to mission unreliability in this system.



C.2.2.1.5 Service Module Reaction Control System

The Reaction Control System contributes 5.67 percent to the predicted Command
Service Module unreliability. The propellant tank bladders exhibit high diffusion
characteristics and are considered low reliability equipments because of the resultant

degradation in propellant flow and the threat of propellant explosion.

C.2.2.1.6 CSM Electrical Power System

The Electrical Power System contributes 7.1 percent to the predicted Command Service
Module unreliability. The universal inverter (inverter No. 3) contributes most to
mission unreliability in this system. While continuous operation is required for
most components of the Command Service Module Electrical Power system, this is

not true for the static inverters. The normal operating mode for the inverters re-
quires that inverters No. 1 and No. 2 operate during the boost phases of launch and
during each AV maneuver. Only inverter No. 1 operates at all other times. Should
inverter No. 1 fail, inverter No. 2 begins continuous operation. Should inverter No. 2
also fail, the mission is aborted and inverter No. 3 is used. Although only one in-~
verter operates throughout the majority of the mission, the non-operating inverters

are also subject to failure.

The following Block II Design will affect the reliability estimates:

(1) Expected elimination of the pyrotechnic separation batteries.

(2) Redesign of the present high acoustical noise static inverters, used
in Block I, to obtain a low noise Block II static inverter. This re-
design is expected to cause a different failure probability for the
static inverters due to addition of components.

(3) Replacement of the 25-ampere hour Entry and Post-Landing Batteries
by 40-ampere hour batteries. This change is expected to lessen the

criticality of the battery charger.

C.2.2,1.7 CSM Miscellaneous Systems

The Command Service Module Structures, Emergency Detection System, Launch Es-
~cape System, Earth Landing System, Heat Shield, and Separation System contribute
0.9 percent in total to the module unreliability. Only fixed point reliability values

1300,
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were available for each of these systems. There are no differences between the
Center/contractor and the Apollo Program Office reliability predictions.

C.2.2.1.8 Command Module Reaction Control System

The Command Module Reaction Control System contributes 0.6 percent to the pre-
dicted total module unreliability. The helium tanks which are pressurized for the
entire mission, are the heaviest contributors to the probability of system failure.
Since the propellant tanks are not pressurized until just prior to re-entry, expulsion
bladders do not appear to present a reliability problem.

C.2.2.1.9 CSM Cryogenic Storage System

The Cryogenic Storage System contributes 0. 3 percent to the predicted Command
Service Module unreliability. The equipment needed for quantity gauging is the most
unreliable part of the Cryogenic Storage System. Specifically, the pressure trans-
ducer and quantity probe and indicator are critical items.

C.2.2.2 Lunar Excursion Module (LEM)

The Center, contractor, and Apollo Program Office mission success reliability pre-
dictions for the Lunar Excursion Module are in agreement. The Lunar Excursion Mod-
ule contributes 18,5 percent to the predicted mission unreliability. The percentage
contribution of systems to Lunar Excursion Module unreliability is shown in Figure
C.5-9,

C.2,2,2,1 LEM Electrical Power System

The Electrical Power System contributes 37 percent of the predicted Lunar Excursion
Module unreliability. This is due to the operational ground rule requiring all four
descent batteries to operate during the lunar stay period. The duration of this period
(approximately 35 hours), combined with the battery failure rate, accounts for 70% of
the Electrical Power System unreliability. A lunar stay of only 20 hours, for example,
would increase the probability of mission success because only three of the four de-
scent batteries would be required.
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C.2.2,2,2 LEM Communications System

The Communications System contributes 22 percent to the predicted module unrelia-
bility. The Extra Vehicular Activity (EVA) backpack transceiver contributes most to
the probability of system failure because of a high failure rate and mission use time.
The high failure rate, however, is questionable since each transceiver has two trans-
mitters and two receivers. Therefore, the total failure of one backpack receiver does
not necessitate an abort of the mission but merely degrades the efficiency of the lunar

exploration.

C.2.2.2.3 LEM Environmental Control System

The Environmental Control System contributes 16. 6 percent of the predicted total mod-
ule unreliability. The major Environmental Control System problems are in the water-
glycol circuit, the pressure suit compressor and in the cabin recirculating blower.

All three subsystems have low reliability brushless DC motors.

C.2.2.2.4 LEM Guidance and Control System

The Guidance and Control System contributes 11 percent of the predicted total module
unreliability. The abort sensor assembly contains all the inertial reference equipment

and is the most unreliable component in the system.

C.2.2.2.5 LEM Reaction Control System

The Reaction Control System contributes 10. 7 percent of the predicted total module

unreliability. The propellant bladders are the most unreliable components.

C.2.2,2,6 LEM Miscellaneous Systems

The Miscellaneous Systems contributed 2. 6 percent of the predicted total Lunar Ex-
cursion Module unreliability. The Miscellaneous Systems include the Lunar Excursion
Module Structures, Ascent and Descent Propulsion, and Pyrotechnics System. Re-
liability information on these systems was limited at the time of this analysis. Fixed
value reliability estimates from the Apollo Program Office data bank compare well

with the contractor apportionments and predictions.

«RDNENBINAL.,

20




The major problem in the Ascent and Descent Propulsion Systems is the re-seating of
the valves after an operational cycle. Purge and filtering techniques are being im-
proved to alleviate this problem.

C.2.2.2.7 Crew Systems

The current configurations of the crew system were discussed at a recent Manned
Space Flight Center Reliability Data Review Meeting. It was tentatively agreed that
the Crew System and Crew Provisions should first be studied from a Failure Mode
Effect Analysis and Configuration viewpoint before presenting the Crew System ele=
ments in reliability logic diagrams. A reliability of 1.0 was assumed for the crew

system and crew performance in this analysis.

C.2.3 GROUND OPERATIONAL SUPPORT SYSTEM (GOSS)

The Apollo Saturn Ground Operational Support System (GOSS), composed of the Manned
Space Flight Networks (MSFN) and the Control Centers, is an information transpor-
tation system supporting the communications and tracking capabilities of the Space
Vehicle. GOSS is composed of complex facilities which will be operated by many and

diversified agencies. These facilities will be variably configured for each mission.

In general, the Launch Vehicle support requirements from the MSFN include telemetry,
tracking, and digital command communications for 6.5 hours following liftoff (lunar
landing mission). The Command Service Module requirements include voice communi-
cations, telemetry, tracking, and digital command communications throughout the
entire mission except during periods of thrusting. Television is specified during earth
orbit and translunar coast phases. Voice communications, telemetry, and tracking
are required during operation of the Lunar Excursion Module, and television is in-

cluded during lunar surface operations.

GOSS support to the mission during earth orbit is limited to about one~-third of the
time. This limitation is due to the GOSS station location and antenna coverage with
relation to the space vehicle ground track. Launches at higher than 72° azimuth,
whether planned or resulting from launch delay, could result in less coverage. Mis-

sion events obscured by the moon.cannot be directly supported by GOSS.
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Current recommended mission ground rules require mission abort when one more
failure would result in loss of the crew. The Block II Guidance, Navigation and Control
System to be used in all manned lunar flights, and included in the present analysis,

will depend on earth-based tracking. The on-board capability is retained, but only as

a back-up. Since there are but two means of navigation, loss of either dictates an

abort.

Currently, neither Center nor contractor documents indicate that apportionments and

predictions include reliability aspects of associated ground based equipment,

C.2.4 CREW SAFETY AND MISSION SUCCESS

C.2.4.1 Mission and System Analysis

This analysis related probabilistic measures of mission/system effectiveness to the
fifteen major phases of the Design Reference Mission and to Apollo Saturn V Space

Vehicle systems making the largest contribution to mission unreliability.

The Launch Vehicle and Spacecraft contribute about 40 percent and 60 percent, respec-
tively, to total unreliability for the Apollo-Saturn 504 Mission. (Mission unreliability
equals one minus the probability of mission success). The operational mission time

of the Launch Vehicle, however, is only about three (3) hours compared to 198 hours
for the Spacecraft. Thus, the unreliability contributions are 13.5 and 0. 3 percent per

mission hour for the Launch Vehicle and Spacecraft, respectively.

Figure C. 2-1 shows the ranking of the fifteen mission phases by contribution to mission
unreliability, and indicates which system accounts for the largest share of the unre-
liability within that phase. Also ranked are the contributions of the phases to possible
crew loss. The Transearth Coast phase ranks highest in probability of crew loss.

This phase spans a longer time period (88 hours) than any other phase. In this portion
of the mission there is no alternate route to the landing area and, approximately after
first midcourse correction thrusting in this phase, neither primary nor secondary
mission abort capability exists. Consequently, mission failure in this phase is synony-

mous with crew loss. This condition is reflected in the high safety hazard ranking.
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APOLLO-SATURN 504 MANNED LUNAR LANDING MISSION

Leading System

Rank by Phase Rank by

Mission Contributor to Contribution Relative
Phase Mission to Mission Safety
Unreliability Unreliability Hazard
Earth Ascent S-II Stage 12
Earth Orbit S-IVB Stage 11
Translunar Injection S-IVB Stage 13 14
Initial Translunar Coast S-IVB Stage 6 13
S-1VB Jettison to Lunar CSM(1) Guidance, Navigation 2
Orbit Insertion and Control
Lunar Orbit Insertion Service Propulsion 12 7
Lunar Orbit Coast to LEM(2) Electrical Power 5 10
LEM Separation
CSM Solo/LEM Separation LEM Reaction Control 7 4
and Descent
Hover to Touchdown and LEM Electrical Power 4 3
Lunar Stay
Lunar Excursion Module LEM Guidance and Navigation 10 6
Ascent
Lunar Orbit Coast to CSM Environmental Control 9 9
Transearth Injection
Transearth Injection CSM Guidance, Navigation 11 5
and Control
Transearth Coast CSM Environmental Control 8 1
Entry CM(3) Reaction Control 15 12
Parachute Descent CSM Miscellaneous Systems 14 8
(1) Command Service Module
(2) Lunar Excursion Module
(3) Command Module
Figure C,2-1, Mission Phase and System Criticality Rankings
23
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The S-IVB Jettison to Lunar Orbit Insertion phase is the prime contributor to mission

unreliability. This phase also ranks high (second) in relative safety hazard due to

abort criteria and abort duration. Abort criteria for the Command Module Guidance

and Navigation System require that the mission be aborted if any of the Guidance and

Navigation system equipments fail. Once initiated, abort from this phase extends over

a long flight path and a successful abort requires continued use of the system whose

partial failure caused the abort.

The general assumptions applied to the equipments and functions in the formulation

of the Apollo-Saturn 504 Mission simulation model are listed below:

24

1.

At the instant of liftoff, all space vehicle systems and their equipments

are operating properly.

Nominal flight trajectories, and nominal environmental conditions both

external and internal to the space vehicle prevail and nominal system

performance levels are attained by non-failed systems and equipments

throughout the mission.

Systems, equipments, or functions for which reliability data were either

unavailable or inapplicable, were assigned a reliability of 1.0. This

assigned value was applied to the following items:

a.
b.

C.

Flight crew functions

Ground Operational Support System

Oxygen Supply (Descent), Lunar Excursion Module Environmental
Control

LiOH Cartridge, Lunar Excursion Module Environmental Control
Portable Life Support System Cartridge, Lunar Excursion Module
Environmental Control

Ground Support Equipment Disconnect, Lunar Excursion Module
Environmental Control

Line of Sight/Velocity Indicator, Lunar Excursion Module Guidance,
and Control

LiOH Canister Check Valve, Command Service Module Environ-
mental Control

Backup Roll Attitude Display, Command Service Module Guidance,

Navigation, and Control




j. Entry Monitor Display, Command Service Module. Guidance, .
Navigation and Control

C.2.5 RELIABILITY APPORTIONMENT AND PREDICTION ESTIMATES

Differences between the reliability apportionments and the reliability predictions for

Launch Vehicle Stages and Spacecraft Modules are ranked below in order of decreasing

magnitude:
System Difference (*)
Lunar Excursion Module +.103
S-1II Stage +.067
S-IVB Stage +. 040
S-IC -.026
Instrument Unit +.024
Command Service Module and Adapter +.020
Ground Operational Support Unknown

In this Appendix reliability apportionment and prediction values at the overall mission
and stage/module level are tabulated in Sections C-3, C-4 and C-5.

Based upon Center/contractor reliability apportionments, the estimates of mission
success and crew safety probabilities are 0. 96 and 0. 73, respectively, as reported
in the previous Quarterly report dated 9 July 1965 (Reference 4).

Apollo Program Office estimates of crew safety and mission success probabilities,
based on current Center/contractor reliability predictions, are shown in Figure C.3-3
as a function of mission time. The major causes of the degradation of probability
values and the names of the mission phases are noted in this figure. The Apollo
Program Office predictions of crew safety and mission success probabilities for the

manned lunar landing mission are 0.96 and 0.52, respectively.

(*) Rounded to three decimal places.
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C.3 APOLLO-SATURN 504 CREW SAFETY AND MISSION SUCCESS ANALYSIS

Treated in this section are those aspects of the reliability status best reviewed in the
context of the overall Apollo-Saturn 504 Mission and system. The current estimates

of the probabilities of crew safety and mission success, based on both reliability ap-
portionments and predictions, are compared in this section with declared program
goals. The causes of reliability degradation in mission phases and flight hardware are
identified along with the space vehicle criticality estimates and mission characteristics

or ground rules which give rise to existing reliability problems,
C.3.1 CREW SAFETY AND MISSION SUCCESS PROBABILITY ESTIMATES

C.3.1.1 Reliability Apportionment

The reliability simulation performed for the Apollo-Saturn 504 Mission using Center/
contractor reliability apportionment values previously reported in "Apollo Reliability
and Quality Assurance Program Quarterly Progress Report (U)" (Reference 4) dated

9 July 1965, provided estimates of 0. 73 for mission success and 0. 96 for crew safety.
These are still the current estimates, being essentially unchanged since that report.
(Figure C. 3-1)

C.3.1.2 Reliability Predictions

The estimated probabilities are 0.52 for mission success and 0. 96 for crew safety
based on Center/contractor reliability predictions, A comparison of these probabil-
ities with the stated reliability goals shows that reliability improvement is required to
meet announced goals, Comparison between contractor apportionments and predic-

tions, for each stage and module, is given in Figure C,3-2,

Estimated crew safety and mission success probabilities decrease as a function of mig-
sion time (Figure C.3-3). All systems are assumed to be functioning as intended at
the instant of "liftoff", which is the zero point on the mission time line, The names of
major mission phases are shown in Figure C.3-3 at the time points corresponding to

L 4

the end of each mission phase. The causes for reliability degradation during the major

mission phases are detailed in Section C, 3-2.
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C.3.2 MISSION PHASE CRITICALITY ESTIMATES
Two measures are used to identify the criticality of mission phases. The first meas-
ure, 'relative safety hazard", compares the chance of crew loss in one phase of the
mission to this risk in another phase (Figure C. 3-5). The term "risk" here applies to
the probable loss of the space vehicle crew either at a point on the nominal mission or
during an abort. The second measure, "percentage contribution to mission unreliabil-
ity", provides a quantitative measure of the comparative criticality of a mission phase
with respect to overall mission success (Figure C,3-4). Both measures are derived

from results obtained from the mission reliability analysis based upon Center/con-
tractor predictions.

The S-IVB Jettison to Lunar Orbit Insertion phase is estimated to be the prime con-
tributor to mission unreliability, This ranking is due to the relatively long (64.3 hours)
phase time and the abort criteria which require mission abort prior to serious system
failure. One abort criterion for the Command Module Guidance and Navigation System
(the leading contributor to the probability of mission failure in this phase) is that the
failure of any one of the components in this system results in a mission failure. Fig-
ure C, 3-5 shows this phase to be second in terms of relative loss of crew safety, due
to the relatively high probability of abort initiation during this phase and the long abort

paths that require guidance and navigation from the same systems which caused abort
initiation.

The Earth Ascent phase ranks second in terms of contribution to mission unreliability.
The S-1II stage is the leading contributor to the probability of mission failure during
this phase. There is a high probability of safe crew return in the event of abort dur-
ing this phase, because the abort paths are short. Therefore, this phase ranks very
low with respect to danger to the crew.

The Earth Orbit phase is the third ranking contributor to mission unreliability. In this
phase unreliabilities in the S-IVB stage make it a major contributor to the probability
of abort initiation. This phase however, ranks low in contribution to the probability

of crew loss because of safe return possibilities.

R
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The Hover to Touchdown and Lunar Stay phase ranks fourth in contribution to mission ‘

unreliability. The long phase time combined with the intricate landing maneuver re-
sult in a comparatively high probability of mission failure. The Lunar Excursion Mod-
ule Electrical Power System is the leading contributor to phase unreliability, This

phase is the third leading contributor to the probability of crew loss (See Figure C. 3-5).

The Lunar Orbit Coast to Lunar Excursion Module Separation phase is the fifth ranking
contributor to mission unreliability. The LEM Electrical Power System is the prime
contributor to the probability of abort initiation. With respect to the relative safety
hazard, Figure C.3-5 shows this phase ranks seventh. The low probability of mission
failure due to LEM Systems (not needed on the aborts), is a major factor in the low
ranking.

It should be noted that the mission model was structured with an assumption that a
failure of a LEM equipment prior to crew boarding would be undetected. Since many
of these equipments are "on'" from liftoff, the probability of mission abort in the per-

iod immediately after the preliminary system checkout is rather high. .

The Initial Translunar Coast phase ranks sixth in contribution to mission unreliability.
The S-IVB stage is the leading contributor to the probability of mission failure. The
subsystems in the S-IVB which contribute most to stage unreliability have time depend-
ent failure characteristics and these subsystems must operate during this compara-
tively long phase. This phase ranks low in contribution to the probability of crew loss
because of the high probability that an S-IVB stage failure initiating an abortwill leave
the abort essential systems in a functioning condition; also, the abort time is rel-

atively short.

The CSM Solo/Lunar Excursion Module Separation and Descent phase is the seventh
ranking contributor to mission unreliability. In this phase, LEM systems are the
leading contributor to mission failure probability. Strict abort criteria applied to
these systems in this phase, combined with exacting mission/system functional re-
quirements, also account for this rank, The LEM ‘Reaction Control System is the
prime contributor (47 percent) to mission unreliability. Since the Reaction Control

System is also required for abort, this phase ranks high (fourth) in relative safety hazard. .




The Transearth Coast phase ranks eighth in contribution to mission unreliability, This

phase spans a longer time period (88 hours) than other major phases. The CSM Guid-
ance and Navigation system is the leading contributor to the probability of mission
failure. This phase ranks first in contribution to the probability of crew loss because
successful aborts are not possible during this time period. In this portion of the mis-
sion there is no alternate route to the landing area and, approximately after first mid-
course correction thrusting in this phase, neither primary nor secondary mission
abort capability exists. Consequently, mission failure in this phase is synonymous
with crew loss. This condition is reflected in the high safety hazard rank. The rela-
tive safety hazard of all in-flight phases is shown in Figure C.3-5, and the contribu~
tions of all phases to mission unreliability are shown in Figure C.3-4,

C.3.3 SPACE VEHICLE RELIABILITY v

The launch vehicle stages (in total) contribute approximately 40 percent of the mission
unreliability, compared to a contribution of approximately 60 percent unreliability by
the spacecraft modules. The operational mission time of the Launch Vehicle, however,
is approximately three hours, compared to 198 hours for the Spacecraft. Thus, the
unreliability contributions are approximately 13.5 and 0.3 percentage points per mis-
sion hour for the Launch Vehicle and Spacecraft respectively, The percentage contri-
bution of each stage and module to mission unreliability is shown in Figure C. 3-6.

The relative criticality of launch vehicle stages and spacecraft subsystems in the exe-
cution of the mission is shown in Figure C. 3-7. Explanation for these rankings is
given in Sections C.4 and C.5. The rankings of other phases are given in Figure C. 3-5,

C.3.4 SUBSYSTEM RELIABILITY

The leading subsystem contributors to mission unreliability are listed in Figure C. 3-8,
Technical discussion concerning these equipments are in Section C.4 and C.5 where
the Launch Vehicle and Spacecraft reliability analysis and status are presented.
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Stage/Module*

CM
CSM
LEM
S-1VB

S-1I
CSM
SM
LEM
S-1VB
LEM
CSM
S-1I
S-1I
SM
LEM
LEM
S-1vB
S-11
S-IVB
S-1C
S-11
S-11
S-1I
S-1C
S-1I
S-IVB
S-1I
S-IC
LEM
S-IC
CSM
CM
S-IVB
S-1C
S-I1C
CSM

System

Guidance, Navigation and Control
Environmental Control System
EPS Battery

Electrical

Instrument Unit

J-2 Engines

Communications

Propulsion

Communications

Flight Control

Environmental Control System
Electrical Power System
Electrical Control
Pressurization

Reaction Control

Guidance, Navigation and Control
Reaction Control System
Propulsion

Electrical Power

Auxiliary Power Supply
Propulsion/Mechanical
Propellant Feed
Measurement, Class B

All Others

Flight Control

Propellant Management
Propellant Utilization

Engine Servicing

Electrical

Miscellaneous

Support

Miscellaneous

Reaction Conirol

All Others

Structures

Instrumentation

Cryogenic Storage

*See List of Abbreviations.
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.
C.4 LAUNCH VEHICLE RELIABILITY ANALYSIS AND STATUS SUMMARY

The Apollo-Saturn V Launch Vehicle is comprised of the S-IC, S-II, S-IVB and Instru-
ment Unit. The overall Apollo Saturn 504 Launch Vehicle success probability estimate,
based on contractor predictions, is 0.76. The Launch Vehicle contributes approxi-
mately 40 percent of the unreliability of the Apollo-Saturn 504 Space Vehicle. The

S~II and the S-IVB are the largest contributors to Launch Vehicle unreliability (42,2
percent and 35. 6 percent respectively). Figure C.4-1 shows relative contributions of
each Stage to the predicted Launch Vehicle unreliability. A more detailed discussion

vl Lhese stages is given in subsequent paragraphs.

Published reliability prediction values were tabulated and compared to apportionment
values (Figures C.4-2 and C.4-3). In the mission model, the Launch Vehicle Stages
were represented at the Stage level for the S-IC Stage and the Instrument Unit. The

S-II and the S-IVB were modeled at the major subsystem level.

The degradation of the predicted Launch Vehicle and Stage success probabilities as a
function of mission time is shown in Figure C.4-4. Where significant changes in mis-
sion success probability occur, the graph is flagged. Those changes are analyzed
below.

The time intervals of individual subphases vary from as low as five seconds between
subphases 4 and 5 (See Figure C. 4-4), to as high as 5280 seconds between subphases
10 and 11.* The change in the slope of the Launch Vehicle curve at point (1) is a re~
sult of the large differences of subphase time. Just prior to (1), the subphase time is
five seconds (S-IC cutoff, separation, and S-II ignition). There is little reliability
degradation in these five seconds compared to degradation in the next subphase (S-II

burn), which is 260 seconds long.

The slope of the curve through the three subphases during S-II burn is greater than the
slope charted for the following two subphases of S-IVB burn. This explains the abrupt
change of slope at point (2).

* See also Figure C.1-1.
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Saturn V
Launch Vehicle

S-IC Stage Instrument Unit
9.6% 12.6%

S-1VB Stage

- S-1I Stage
o 35.6%

42,2%

Note: 1. The Launch Vehicle accounts for 40.5 percent of the
unreliability of the Space Vehicle.
2. Ground Operational Support System and crew func-
tions were considered to have a reliability of 1.0
for this study.

Figure C.4-1. Percentage Contribution of Stages to Launch Vehicle Unreliability .
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There is only a minor change of slope during the S-IVB burn period because the un-

reliability of the S-IVB Stage is spread out over longer total time interval.

During the 1031 seconds of system standby time in the Earth Parking Orbit phase,
there is a considerable reliability degradation, radically changing the slope of the

curve at point (3) on the chart.

At point (4) the change of slope is due to the much smaller time of the next two sub-
phases (316 seconds) and the insignificant reliability degradation of the S-IVB Stage

and Instrument Unit.

Reliability values for each stage subphase were calculated by proportioning the Stage
unreliabilities on a time basis (i.e., the greatest portion of the unreliability was

assigned to the longest subphase).

The S-II Stage contributes the most unreliability (42.2 percent) to the Launch Vehicle.
The J-2 engines are the greatest contributors to that unreliability, primarily because
of the relatively long run time of the five engine subsystems and present J-2 engine

malfunction problems.

Several key equipments are significant contributors to overall Launch Vehicle unrelia-
bility of 40 percent. These are: the duct gimbal joints and ducting bellows (S-IC Stage);
J-2 Engines (S-1I and S-IVB Stages), the auxiliary propulsion engines (S-IVB Stage),

and a selector switch in the S-IVB Stage. Each item is detailed in subsequent para-

graphs dealing with the individual stages.

C.4.1 S-IC STAGE

C.4.1.1 System Configuration

The S-IC system configuration considered in this analysis is described in Reference 9

and in notes obtained from the Boeing Company's S-IC systems course.
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‘ C.4.1.2 Analysis Data

The S-IC stage was represented at the stage level in the simulation model because of
limited contractor reliability prediction data. The contractor's model assumed that

a failure in the instrumentation system would be cause for abort, whereas during a 504
mission the decision to abort will depend on what equipment in the stage has failed.
Nevertheless, the contractor's reliability prediction value for the stage was used for

the computation.

C.4.1.3 Results and Conclusions

The relative contribution of the S-IC Stage to Launch Vehicle predicted unreliability is
approximately 10 percent. The contractor's documented reliability apportionment goal
is 0.95 and the reliability prediction is 0.9757. Planned static tests and data obtained
from Apollo-Saturn 501, 502 and 503 flights will provide additional confidence in meet-
ing the reliability goal for the S-IC stage.

Figures C.4-5 and C. 4-6 list the apportionments and predictions for stage subsystems
‘ and give a comparison of these values. In all cases, predicted values exceed the ap-

portioned values.

The propulsion-mechanical system is the greatest contributor (38 percent) to predicted
S-IC Stage unreliability. (Figure C, 4-7 shows the relative unreliabilities of the major
stage subsystems.) This percentage reflects high incidences of rupture and leaks in
gimbal duct joints.

Listed below are the top ten contributors to S-IC stage unreliability. All are part of

the propulsion mechanical system (Reference 6).

Item Criticality Number*
1. Gimbal joints 7287
2. Ducting bellows 3130
3. Helium lines 1785
4, Retro-rocket motors 1544
‘ * These contractor numbers reflect the relative magnitude of equipment unreliability.
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S-IC Stage

Propulsion/Mechanical
38%

Electrical
15.5%

Support
11%

Flight Control
27%

Note: The S-IC stage accounts for 3.9 percent of
space vehicle unreliability

S-1I Stage 8-IVB Stage

Flight Control
22.9%

J-2 Engines
29%

Others 1, 51

Propulsion 13.5%

Pressurization klectrical
14% 14,19
Electrical
Control
14%
Note: The $-11 stage accounts for 17.1 percent of Note: The S-IVB stage accounts for 14,4 percent of
space vehicle unreliability space vehicle unreliability

Figure C,4-7. Stage Systems Contributions to Stage Unreliability
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Item Criticality Number*
5. Tubing fittings 625
6. Engine 4-way control valve 490
7. Gas generator fuel line 350
8. Pre-valves 212
9. Turbine ' 197
10. Gas generator ball valve 180

C.4.1.4 S-IC Stage Problem Areas

The S-IC Stage has several configuration differences from Vehicles 501, 502 and 503.
The structure will have several major weight reducing changes that apparently will not
be flight tested prior to the Apollo Saturn 504 flight.
1. The "Y" rings connecting the sides and domes of the two
tanks will have "T" slots milled out to reduce the stage
weight by 5000 lbs.
2. Changes in fuel tank bellows and LOX tank baffles will
reduce weight by 400 lbs.
3. Removal of visual instrumentation and camera equipment
will reduce weight by 1600 lbs.
4. Miscellaneous changes will reduce weight by 360 lbs.

These structural changes affect reliability and consequently are being investigated by
Marshall Space Flight Center.

C.4.1.5 Gimbal Duct Joint Leakage

The gimbal duct joints which serve as part of the helium delivery lines inside the LOX
tank are critical. Failure of the helium gimbal duct joints will result in helium leak-
age. This failure may cause the following three failure modes of the Vehicle:
a. Rupture of the LOX tank (11 percentcontribution to stage unreliability).
b. RP-1 turbo pump cavitation (8 percent contribution to stage unreliability).
c. RP-1 tank collapse (2 percent contribution to stage unreliability).
The Marshall Space Flight Center is conducting a reliability analysis of the gimbal

joint problem and will submit data on their findings.

e NBENTIAL,.
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C.4.1.6 Retro-Rockets

The reliability of individual retro-rockets of 0.996 as predicted by the contractor
(Reference 1), is higher than thatpredicted for similar applications by the Manned Space
Flight Center (Reference 18) and North American Aviation, Inc. (Reference 28). In
Reference 18 and 28 values are 0.995, and 0. 993 respectively. The probability of the
occurrence of a catastrophic failure assumed by the contractor, is lower than current-
ly noted (Reference 24). Rationale for this prediction was not available for evaluation

but this variation is being investigated.

C.4.1.7 F-1 Engine

The latest F-1 engine Progress Letter (Reference 8), states that combustion instability
continues to be a problem with the Block II (F-1 engine flight configuration) injector.
Modifications to the injector are being evaluated constantly during the test program.
During the April-May 1965 reporting period, one engine test was cut off due to rough
combustion during the start-up transient (however, it occurred in an excluded test),
and one other engine experienced a combustion disturbance after approximately 100
seconds of run (self-damped before cutoff signal). Although there were no declared

failures, these continuing problems seriously affect reliability findings.

C.4.1.8 Data and Information Available

Information on the S-IC Stage has been available in greater quantity and on a more
current basis during the past quarter. Further reliability information is required in
the areas of Structures, Support (umbilical connection plates), Electrical, Flight
Control (except for Thrust Vectoring), Instrumentation and the Ground Operational
Support System pertaining directly to the S-IC Stage. A level Il model review meeting
at Marshall Space Flight Center will examine the affect of these problems on apportion-
ed reliability goals.

C.4.2 S-II STAGE

C.4.2.1 stem Configuration

The S-II Stage system configuration considered in the following paragraphs is de-

scribed in Reference 12,
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C.4.2,2 Analysis Data
The contractor (Reference 12) documented reliability predictionvalue wasused for the

computations. In the simulation model, the S-II Stage was represented at the major
subsystem level.

C.4.2.3 Results and Conclusions

The present predicted reliability of the S-II Stage is 0.893, which contributes 42, 21
percent to the unreliability of the Launch Vehicle.

Contractor stage and subsystem reliability apportionments (Reference 11) and pre-
dictions (Reference 12) are given in Figures C.4-8 and C.4-9. The systems have been
ranked in Figures C. 4-8 and C.4-9 from the greatest positive difference to the great-

est negative difference between apportioned and predicted reliabilities.

Figure C. 4-7 illustrates how the reported unreliability of the S-II Stage systems is
distributed. The figures shown are based upon data from contractor documents (Ref-
erence 12). The J-2 engines are the major contributor (29 percent) to stage unre-
liability. With the exception of the J-2 engine program, very little data is available
for evaluating reliability improvement. The contractor has no requirement to perform
a criticality analysis on this stage.

The reliability apportionment of one J-2 engine is 0.99 (Reference 11), with a require-
ment to demonstrate 0. 95 reliability by completing 60 tests with three or less failures
(Reference 15). These reliability goals have been achieved (Reference 12). The relia-
bility requirement of 0. 99 did not specify the number of tests required for engine quali-
fication (Reference 10).

The J-2 is a comparatively new engine design. The most critical technical problem is
engine start. J-2 engine reliability demonstrations have shown a total of nine failures,
five of which occurred during the start cycle (Reference 16). As a consequence, the
J-2 engine start sequence is being investigated. The last two engine failures occurred
during mainstage. One failed at 21. 4 seconds due to leakage in the augmented spark

8
ignitor assembly and injector mechanical interface. The other failure occurred at
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142 seconds. The suspected cause was short circuit in the electrical control assembly.
Improvements in J-2 start characteristics and performance must be accomplished in

order to meet engine qualification reliability requirements.

C.4.3 S-IVB STAGE

C.4.3.1 System Configuration

The S-IVB stage configuration used corresponds to that used by Douglas Aircraft Com-
pany to construct the reliability model of the Saturn V/S-IVB Stage (Reference 17).

C.4.3.2 Analysis Data

The contractor data and the reliability model of the Saturn V/S-IVB (Reference 17)
used for this analysis is dated 15 April 1965. No new data has become available since
that date. In the mission simulation model, the S-IVB Stage was represented at the

major subsystem level.

C.4.3.3 Results and Conclusions

The overall probability of S-IVB stage mission success predicted by the contractor is
0.910. The relative contribution of the S-IVB Stage to the predicted Launch Vehicle
unreliability is 35. 55 percent. Figures C.4-10 and C.4-11 show reliability apportion-

ment and prediction values and their comparisons.

C.4.3.4 Problem Areas

The electrical system is the major contributor (44.1 percent) to predicted unreliability
of the S-IVB Stage. This is primarily due to the unreliability of the selector switch
and the sequencer mounting assembly which appear among the ten top coniribuiors to
unreliability in the critical component criticality list. The relative contributions by

other major S-IVB subsystems to stage unreliability are shown in Figure C. 4-7.

The ten top contributors to stage unreliability among the S-IVB systems are ranked by

the contractor as follows (Reference 18).
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Criticality
Item Associated Subsystem Number*
1. Selector Switch Electrical 35000
2. Engine, Auxiliary Propulsion Flight Control ' 9200
3. Modules (Helium Fill) Flight Control 5400
4. Electronic Assembly ' Propellant Utilization 5100
5. Pump Hydraulic Auxiliary Auxiliary Power Supply 3200
6. Cable Assembly (Electrical Distribution) Electrical 2300
7. Engines, Auxiliary Propulsion, 1750 Ibs, Thrust Flight Control 2000
8. Sequencer Mounting Assembly Electrical 2000
9. Separator, Vent Auxiliary Power Supply 1700
10. Pump, Hydraulic, ThermalIsolator Assembly Auxiliary Power Supply 1500

The contractor (Douglas) reliability analysis (Reference 17) of the four interstage

retro-rockets does not appear to take adequate account of the catastrophic failure

mode. The contractors reliability assessment (Reference 17) indicates that this item

contributes only 0. 4 percent of the stage unreliability. However, failure probability
‘ estimates indicate that the contribution to total stage unreliability should be about

12 percent. (Reference 9).

C.4.4 INSTRUMENT UNIT

C.4.4.1 System Configuration

The configuration used for the Instrument Unit was derived from the Saturn Program
Development Plan (Reference 10).

C.4.4.2 Analysis Data

Contractor data (Reference 21) and system information was used to represent the
Instrument Unit in the mission simulation model at the stage and major subphase level.
Because of lack of contractor documented reliability data, a reliability of 1.0 was
assumed for the Guidance and Control system, the Electrical System, Structures, and

Instrumentation. The reliability value given in Reference 22 was used for the thermal

condition system.

‘ * These contractor numbers reflect the relative magnitude of equipment unreliability.
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C.4.4.3 Results and Conclusions .

The present predicted reliability of the Instrument Unit is . 968 which contributes 12.6
percent to the predicted unreliability of the Launch Vehicle.

The relative unreliability of the major systems within the Instrument Unit was not
computed. Figures C.4-12 and C.4-13 show the tabulation of reliability apportion-

ments and predictions for the Instrument Unit.

A Level I model review meeting will be arranged with the contractor to cover data
describing Instrument Unit reliability status, including the following items: reliability
models, failure mode effects analysis, failure data and rationale, failure reports, test
results, configuration changes, and reliability analysis of changes and system impact

with respect to reliability.
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C.5 SPACECRAFT RELIABILITY ANALYSIS AND STATUS

The Apollo Spacecraft includes the Command Service Module and the Lunar Excursion
Module. Mission success probability for the Spacecraft, based on contractor predic-
tions, is 0.834. Approximately 60 percent of the mission unreliability of the Apollo
Space Vehicle is due to the Spacecraft. With this percentage taken as a base, the Com-
mand Service Module contributes 69 percent and the Lunar Excursion Module contrib-

utes 31 percent to spacecraft unreliability.

The figure below shows the current status of reliability apportionments and predictions

at the spacecraft level.

APOLLO-SATURN 504 MANNED LUNAR LANDING MISSION

Data and | Center/Contractor Reliability Values Current
Source Apollo Program
Item Apportionment Prediction Office
Value (**) Value (** Prediction Estimate

Mission Success

Probability 0.950 0.835 0.682
Crew Safety
Probability 0.999 *

() Apollo Program Office estimate considers crew safety on an overall Mission
basis only.
(**) Based on the values tabulated in Figures C.5-6, C.5-7, C.5-10, and C.5-11.

Figure C.5-1. Spacecraft Reliability Values
The Command Service Module Guidance, Navigation and Control System and the Envi-
ronmental Control System are the leading contributors (see Figure C.5-2) to Space-

craft unreliability. Figure C.5-3 shows the current status and compares reliability

apportionments and predictions for the Lunar Excursion and Command Service Modules.
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The fifteen most critical components in spacecraft systems, accounting for 50 percent

of Spacecraft unreliability, are shown below:

Component System*

Glycol Valves and Sensors CSM/ECS
Flight Director Attitude Indicator 1 CM/GNC
Flight Director Attitude Indicator 2 CM/GNC
Gyro Package 1 CM/GNC
Gyro Package 2 CM/GNC
EVA Communications LEM COMM
Inverter 3 CSM/EPS
Guidance Computer CM/GNC
Gyro Display Coupler CM/GNC
Atmosphere Revitalization Group LEM ECS
Engine Assembly LEM RCS
Tanks SM/PRO
Heat Transfer Group LEM ECS
Accelerometer CM/GNC
Delta V Indicator CM/GNC

For more detail refer to the paragraphs discussing the individual subsystems.

Command Service Module and Lunar Excursion Module success probabilities during
major mission phases are shown in Figure C.5-4. Those portions of the curves exhib-
iting the largest reliability degradation are flagged on the chart. A summary discus-

sion is presented below.

C.5-1 COMMAND SERVICE MODULE SUCCESS PROBABILITY

The reliability degradation for the Command Service Module occurs primarily during
four major mission phases shown in Figure C.5-4. With the exception of the Earth
Orbit phase, the major unreliability contribution occurs during translunar and trans-

earth periods and lunar stay. Since these phases encompass long periods of time, the

(™) See list of abbreviations.
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long equipment operating times have a major impact on mission reliability. The Earth

Orbit phase ranking is due to all equipments having to be in operating condition prior

to Translunar Injection.
The following comments are applicable to the mission phases in question:

C.5.1.1 Flag No. 4 (Earth Orbit)

The principal contributors to the unreliability of the Earth Orbit phase are Guidance,
Navigation, and Control (49.2 percent), Service Module Reaction Control (22. 8 per-
cent), and Electrical Power (15 percent). In each case the primary reason for the un-
reliability contribution is the operating requirement that most Command Service Mod-

ule equipments be operational.

C.5.1.2 Flag No. 5 (S-IVB Jettison to Lunar Orbit Insertion

During this phase, principal contributions to unreliability are made by Guidance, Navi-
gation, and Control (56.7 percent) and Communications (12.4 percent). In general,

the reasons for the unreliability contribution are: ground rules require abort in event

of any communications or guidance failures, the guidance equipment is on continuously
throughout this phase, and there are heavy demands on the communications equipment

during this phase.

C.5.1.3 Flag No. 6 (Hover to Touchdown and Lunar Stay)

The major contributors to unreliability during this phase are Environmental Control
(38.4 percent), Service Module Propulsion (23.7 percent), Electrical Power (18.6 per-
cent), and Service Module Reaction Control (17.5 percent). During this phase, mis-
sion success and abort success criteria are essentially identical. System contribution
to unreliability is affected primarily by ability to take advantage of equipment redun-
dancies. It is emphasized that, when this is the case, the Environmental Control Sys-
tem rather than the Guidance Navigation Control becomes the principal contributor to

spacecraft unreliability.

69



S

C.5.1.4 Flag No. 7 (Transearth Coast)

As in the previous phase, mission success and abort success criteria are essentially
identical. The Guidance, Navigation, and Control system again becomes a princi-
pal contributor to unreliability when it is turned on for the return flight. Then, how-
ever, the Environmental Control System displays the greater unreliability because

other subsystems are functioning under operational criteria which allow full use of all

equipment redundancies.

C.5.2 LUNAR EXCURSION MODULE SUCCESS PROBABILITY

The maximum unreliability during the various mission phases shown in Figure C.5-4,
occurs during those intervals indicated by flag numbers 1, 2, and 3. The longest
phase times are primarily responsible for the reliability degradation, indicated by flag
numbers 1 and 3. During the phases indicated by flag number 2, checkout of Lunar
Excursion Module systems and Lunar Descent occurs. Both events contribute to un-

reliability. The following additional comments are applicable to the phases flagged 1,
2, and 3.

C.5.2.1 Flar No. 1 (8-1VB Jettison to Lunar Orbit Insertion)

The Environmental Control System is the only contributor to LEM mission failure dur-
ing this interval, since it was assumed that other Lunar Excursion Module failures

could not be detected until crew boarding of the Lunar Excursion Module.

C.5.2.2 Flag No. 2 (Lunar Orbit Coast to Lunar Excursion Module Separation and
Descent

The principal contributors to unreliability during this mission period are Electrical
Power (46 percent), Reaction Control (27 percent), and Guidance Control (17.5 per-
cent). The reasons for this degradation are that all systems are turned on and
checked out in this phase. Consequently, any failures which may have occurred earlier
in the mission will be detected. Also, this is the period of Lunar Descent when strin-

gest abort ground rules are in effect.
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C.5.2.3 Flag No. 3 (Hover to Touchdown and Lunar Stray)

During this period, Lunar Excursion Module reliability is degraded primarily by Elec-

trical Power (43.3 percent) and by Communications (43.3 percent). The Electrical

Power System contribution to unreliability is greatly influenced by mission success

criteria. The Communications contribution to mission failure is due to the low relia-

bility of Extra-Vehicular Communications.

C.5.3 CONCLUSIONS

General conclusions which can be drawn on the basis of this analysis include the

following:

o

@)

3)

Equipment operational status required for mission continuation during
the translunar portion of the mission causes a large amount of reliability
degradation because of abort criteria and lengthy, equipment "on'" time.
This is particularly true in the case of Command Service Module-Guid-
ance, Navigation, and Control System in which a significant reliability
improvement could be made if the system were turned off during most of
the Translunar Coast phase.

The Command Service Module-Guidance, Navigation, and Control Subsys-
tem ranks first in unreliability with a percentage contribution of 29 per-
cent to Spacecraft unreliability and 17.61 percent to mission unreliability
(Figure C.5-2).

The major causes of the unreliability of the Lunar Excursion Module are
the four silver-zinc Descent Batteries in the Electrical Power System,
all of which are required to operate until the end of a 34.7 hour lunar
stay. A lunar stay of 20 hours, for example, would enhance this relia-
bility because only three of the four batteries would be required, due to

reduced energy requirements.

C.5.4 COMMAND SERVICE MODULE (CSM)

The individual CSM subsystem contribution to the overall Command Service Module

mission unreliability is shown in Figure C.5-5. Figures C.5-6 and C.5-7 depict the

current mission success and crew safety apportionments and predictions for the

‘ Command Service Module systems, as reported by contractors. In addition,

s
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APOLLO-SATURN 504 MANNED LUNAR LANDING MISSION
Command and Service Module

Miscellaneous
0.9%*

Command Module -
Reaction Control
System

o .
Service Module 6%

Propulsion

Communications

Environmental Control System
19.8%

Command Module Guidance, Navigation
and Control
42,8%

Cryogenic Storage

*Miscellaneous includes Structure, Emergency Detection System, Launch Escape
System, Earth Landing System, Heat Shield, and Separation.

Notes: 1. The Command Service Module accounts for 41.1 percent of Space
Vehicle unreliability.
2. Ground Operational Support System and crew functions were
considered to have a reliability of 1.0 for this study.

Figure C.5-5. Percentage Contribution of Systems to
Command Service Module Unreliability

—CONPIDENTHAL-.
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Figure C.5-6 contains a column which presents the current Apollo Program Office
predictions. Two sets of contractor reliability values are shown. One set was taken
from the Command Service Module Technical Specification Block II (Reference 52),
while the other set was reported in the contractor's Thirteenth Quarterlj Reliability
Status Report (Reference 38). Level III review meetings will reconcile the discrep-

ancies in the two sets of values.
A more detailed analysis of this study and comparison of the results with contractor
estimates, as they pertain to the Command Service Module, is presented in subsequent

paragraphs.

C.5.4.1 Command Service Module - Guidance, Navigation, and Control (GNC)

C.5.4.1.1 System Configuration

The Guidance, Navigation, and Control System configuration used in this analysis is
based upon the minutes of Command Service Module Block II Guidance and Control Im-
plementation Meetings begun in June 1964. This Block II system includes integration
of the Manned Space Flight Network as the primary source of navigation data and the
addition of certain stabilization and control functions to the Guidance and Navigation
system. Increased redundancy in the Honeywell Stabilization and Control system is

also a major design improvement in the Block II configuration.

C.5.4.1.2 Analysis Data

The Guidance, Navigation, and Control logic diagrams used reflect current lunar mis-
sion planning. The required system functions were based on the Apollo Mission Plan-
ning Task Force Design Reference Mission; the mission continuation ground rules used
in this analysis correspond to those currently being used at the Manned Spacecraft
Center (Reference 32). These ground rules state that all GNC equipment must remain
operative to the initiation of Lunar Excursion Module Descent, whereupon no Guidance,
Navigation, and Control equipment will be cause for abort until the Lunar Excursion
Module returns. After that, mission success and crew safety objectives are identical,
and the Command Module GNC system takes full advantage of its redundant configura-

tion to complete the mission. These ground rules aiso correspond ciosely to the ground

.
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rule applicable to the Spacecraft that the mission will be abortedwhen one more failure
would result in loss of the crew. The failure rates for the Guidance and Navigation
elements of the GNC system were derived from a contractor report issued in 1964
(Reference 33). A Manned Spacecraft Center datareview meetingheld on 17 August 1965
at the Massachusetts Institute of Technology Instrumentation Laboratory revealed that
the failure rate values were within 10 percent of those previously reported in contractor

documents,

The failure rates for the Stabilization and Control elements of the Guidance, Naviga-
tion, and Control system were obtained from minutes of a Block II implementation
meeting held in August of 1964 (Reference 34). No updated values have since become

available.

The equipment operating timeline profiles were extracted directly from the Design
Reference Mission document (Reference 2). In many instances, "on-off'" data for cer-
tain elements were missing, but knowledge of equipment requirements for various mis-
sion functions, along with information about electrical power application to portions of
the GNC system, permitted estimates of operating times to be matched to the mission

profile.

C.5.4.1.3 Results and Conclusions

The estimated system success probability for the Command Service Module Guidance,
Navigation, and Control System is 0.88974. The success probability is low during the
period from liftoff to Lunar Excursion Module separation in lunar orbit. In accordance
with the ground rules (Reference 32), the Command Service Module GNC does not de-
grade the probability of mission success during the lunar excursion. From Lunar Ex-
cursion Module docking to mission termination, Guidance, Navigation, and Control Sys-
tem success probability is very high due to utilization of the redundancy designed into

the Block II configuration.

The Guidance, Navigation, and Control System success probability can be significantly

improved by decreasing the currently planned operating time of Guidance, Navigation,

76 GRNEREA L




O

and Control equipment, especially during the Translunar Coast phase of the mission.
During this phase, the ability to turn off one Flight Director Attitude Indicator and one
Gyro Package would seem desirable. Further, the feasibility of free drift (all Guid-
ance, Navigation, and Control equipment off or on standby) during most of this phase
should be examined.

Over the entire mission, the components contributing most to Guidance, Navigation,
and Control System unreliability are the following:

Flight Director Attitude Indicator 1

Flight Director Attitude Indicator 2

Gyro Package 1

Gyro Package 2

Guidance Computer

Gyro Display Coupler
A comparison of the present prediction estimate with that of the contractor cannot be
made at this time because the contractor considers the GNC System part of the Inte-

grated Electronics System and not a separate system.

C.5.4.2 Command Service Module - Environmental Control System

C.5.4.2.1 System Configuration

Used for this analysis was contractor (North American Aviation, Inc.) system config-
uration described by Environmental Control System schematic diagrams of May 1965
(Reference 35).

C.5.4.2.2 Analysis Data

The calculations are based on the CSM Block II Reliability Logic Diagrams, derived

from a contractor document (Reference 2).

The equipment failure rates used are primarily contractor values, derived from the

contractors' quarterly reliability status reports (e.g., Reference 36). The equipment

L
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timeline profiles were derived from the Design Reference Mission, Apollo Mission
Planning Task Force document (Reference 2).

C.5.4.2.3 Results and Conclusions

The probabilities of system success and crew system (*) for the CSM Environmental
Control System are 0.949 and 0. 985, respectively. These values are lower than the
contractor's predictions primarily because:
(1) The contractor does not include in his reliability logic diagrams the
necessary instrumentation and displays.
(2) The contractor uses abort ground rules which differ in some respects

from those used in the present analysis.

To illustrate the second point, the contractor assumes that the mission will be aborted
only after the secondary suit loop compressor has failed, whereas the present analysis
is based on the assumption that the mission will be aborted after the primary suit loop
compressor fails. Consequently, the contractor's probability of mission success is
increased, but the probability of crew safety is lowered. These differences in abort
ground rules are scheduled for resolution by the Spacecraft Reliability Analysis Pro-

gram Management Panel.

The ranking by unreliability contribution of the individual subsystems with the envi-
ronmental control system is: Water-Glycol Circuit, Pressure and Temperature Con-

trol, Water Supply, and Oxygen Supply. These systems account for 99 percent of the

environmental control system unreliability.

The Water-Glycol Circuit and the Pressure Suit Circuit are the greatest contributors
to unreliability of the system (47 percent and 23 percent, respectively). The complexity
of these two loops is greater than that of the other three, The Water~-Glycol and Pres-
sure Suit Circuits also contain the greatest number of critical components. Fig-
ure C.5-8 shows the most critical components within the system loops, cites associ-

ated major problems, and gives comments,

() Crew safety probability estimate for the environmental control system is based on
the assumption that all other subsystems interfacing with the environmental control
system, e.g., the oxygen supply system, are functioning as intended.
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APOLLO-SATURN 504 MANNED LUNAR LANDING MISSION

Sixbsystem /Component

Major
Problem Area

Comments

Water Glycol Circuit

Water-glycol pump
assembly

Water-glycol evap-
orator control

Space radiator and
associated control
valves

Bearing life-alter-
nating current motor
bearings

Back pressure and
wetness controls are
non-redundant

Radiator and water-
glycol inflow and
afterflow controls

Design improvements for bearing
seals are being implemented.

Evaporative type heat exchanger re-
quires complex electronic control
mechanism in comparison to sublima-
tive type heat exchanger as used in the
Lunar Excursion Module.

Currently in acceptance test stage.

Pressure Suit Circuit

Water separator
pump assembly

Suit compressor

Carbon dioxide
partial pressure
sensor

Lithium hydroxide
cartridge

Complexity of cy-
cling device in pump
assembly

Bearing life-alter-
nating current motor

Complexity of CO,
sensors (spectro-

scope type)

Cartridge may burst
and expel lithium
hydroxide powder
into pressure suit
circuit

None

Design improvement for bearing seals
are being implemented.

A study is recommended to determine
feasibility of a back-up for this com-
ponent such as a color changing
indicator device, e.g., acid sensitive
litmus paper which could be function-
ing in parallel with the CO, spectro-
scopic sensor.

A study on the toxidity of lithium hy-
droxide powder is recommended.

Figure C.5-8. Command and Service Module Environmental Control System Problem

Areas and Comments

I
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APOLLO-SATURN 504 MANNED LUNAR LANDING MISSION

Major
Subsystem/Component Problem Area Comments
Pressure and Temp-
erature Control
CSM cabin recircu- | Bearing life-alter~ |Design improvements for bearing
lating blowers nating current motor | seals are being implemented.
Water Supply
Potable and waste Positive explosion None
water tanks bladder mechanism
Oxygen Supply
Regulator and Complexity of design| Tests are currently being performed
relief valve configurations as part of the investigation of this
problem,
Figure C.5-8. Command and Service Module Environmental Control System Problem .
Areas and Comments (Cont.)
GOMEIRENTLA by
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C.5.4.3 Command Service Module - Communication

C.5.4.3.1 System Configuration

Contractor (North American Aviation, Inc.) system configuration and engineering data
contained in the references 52 and 55 were used for this analysis. There is little ap-
parent difference in generic terminology and functions between Block I and Block II
configurations of the communication system. However, the significant Block II change
of providing prime guidance and navigation data from ground based (MSFN)* stations
instead of from on-board computations, has resulted in major equipment-design modi-
fications in order to improve the resliability and flexibility of the original Block I de-
sign. This redesign will compensate for the increased functional importance of the

communications subsystem and its interface with the guidance and navigation system.

C.5.4.3.2 Analysis Data

Contractor reliability logic diagrams for the Block II configurations are currently un-
available. Block I communications was, heretofore, treated by the contractor as an
independent subsystem, whereas Block II communications is included under Integrated
Electronics subsystem. Therefore, for the present analysis, Block I logic diagrams
were adapted to Block II requirements as defined in the Design Reference Mission docu-
ments (Reference 2). Contractor Block II equipment failure rate data have not been
reported. BlockI failure rate data was used for this analysis. This data is considered
a reasonable approximation. Because of lack of contractor documented equipment op-
erating times, the time data was derived from the Design Reference Mission Documents
for use in the Apollo Program Office computations. Considerable uncertainty exists
about the appropriate action to be taken (continuation or abort of the mission) in the
event of Communication System malfunction. Block II Failure Modes Effects Anal-

yses are currently only 10 percent complete (Reference 38).

In the absence of a definitive source of mission ground rules the following assumptions
were used for this analysis:
(I) Loss of any of the major communications functions of voice, track-

ing, telemetry, or updata capability during the translunar phases of

(* Manned Space Flight Network

OO

81



the flight would be cause for mission abort. Emergency voice or
key would not be used to continue the mission.

(2) No communication failure is considered to be a fatal failure. Al-
though a number of hypothetical situations can be visualized in which
communications failure might be justifiably considered the cause of
a fatal failure, these situations are not yet amenable to quantitative
evaluation.

(3) Communications failure does not preclude the ability to abort nor
impair the probability of safe abort. Although it would be highly de-
sirable to have communications during any abort mode, it is not
clearly established whether communication is actually required. It
is assumed that emergency voice and key operation is sufficient to

support abort modes.

C.5.4.3.3 Results and Conclusions

The overall probability of system success for the Communications System is 0.9696.

This system contributed 11.8 percent of the total unreliability of the Command Service
Module. The contractor does not provide a Block II communications system reliability
estimate but includes it within the Integrated Electronics reliability estimate. The
majority of system failures, if any, are expected to occur during the 62-hour interval
between translunar injection and lunar orbit insertion. Unreliability appears to be
uniformly distributed across all functional areas and is attributable to long operating
times. In event of primary equipment failure, emergency backup capability is not
used to continue the mission. The greatest cause for the relatively high system unre-
liability, when viewed against the good communications operational experience of other
space missions, is the greater number of functions to be evaluated and the difficulty
of accounting for all the potential combinations of acceptable, though degraded, com-
munications system conditions. Based on past spacecraft communications perfor-
mance, the Block II system configuration can be expected to achieve a higher degree
of reliability than currently estimated. The key factor which will help achieve this
high reliability is an opportunity for flight verification. This will help resolve anoma-
lies in antenna radiation patterns and MSFN operational procedures which should be-

come apparent in actual performance. Two equipment items which can limit a high

level of communications performance are the S-band directional antenna and the S-band ‘
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power amplifier. Redundancy is provided in the power amplifier section, and a paral-
lel development in the type of tube to be used is expected to increase reliability. Con-
tractor predicted mission reliability is grouped under the general title of Integrated
Electronics, therefore no comparison with Apollo Program Office prediction can be
made at this time.

C.5.5.5 Service Module - Service Propulsion System (SPS)

C.5.4.4.1 System Configuration

The Service Propulsion System configuration used in this analysis is based upon infor-
mation derived from a contractor (North American Aviation, Inc.) study guide course

given in 1965 (Reference 40) and from contractor quarterly reliability status reports.

C.5.4.4.2 Analysis Data

A model from the contractor's eleventh quarterly report (Reference 47) was used to
reflect the most recent configuration changes. An assumption made in model construc-
tion was that the Service Propulsion System is the only propulsion available for return-
ing to earth from a translunar or lunar vicinity abort. The equipment timeline pro-
files used were derived from Apollo Mission Planning Task Force document dated

30 October 1964 (Reference 2). The data used included those given in the contractor's
fourth quarterly reliability status report (Reference 48) and data from the Apollo Pro-
gram Office data bank.

C.5.4.4.3 Results and Conclusions

The system success estimate for the Service Propulsion System is 0.97175. This sys-
tem contributes approximately 11 percent of the total unreliability attributable to the
Command Service Module and 4.5 percent of that attributable to the total Space Vehicle.
Service Propulsion System critical components are: the propellant tanks, pressure
transducer, helium tanks, and engine assembly (listed in descending order of unrelia-
bility). The tanks and transducer criticalities are due to their operation over the full
mission time. High failure rates are associated with the engine assembly, which in-
cludes the injector, thrust chamber, and nozzle. The high failure rates reflect com-

bustion instability problems associated with the injector and also the erosion problems
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associated with the thrust chamber. Contractor prediction is 0.9966 (Reference 38).

The Apollo Program Office prediction is 0.9717.

C.5.4.5 Service Module - Reaction Control System

C.5.4.5.1 System Configuration

The Command Service Module Reaction Control System configuration used in this anal-
ysis is based upon information derived from North American Aviation, Inc. study guide

course given in 1965 (Reference 40) and contractor quarterly reliability status reports.

C.5.4.5.2 Analysis Data

A contractor model was derived from Reference 40 and supplemented with recent con-

figuration changes indicated in Reference 47.

The ground rules used in model construction were as follows:

(1) All Reaction Control System quads* are required to be operative

from launch through LEM transposition docking (major mission
phases: earth ascent to initial translunar coast).

(2) Three of the four Reaction Control System quads are required to be
operative from LEM transposition docking (initial translunar coast)
through transearth injection.

(3) Any two of the four Reaction Control System quads are required to be
operative from transearth injection through service module separa-
tion (Transearth Coast),

(4) Any two of the four Reaction Control System quads are required to

be operative on an abort path.

The equipment operational timeline profiles used were derived from Design Reference
Mission documents dated 30 October 1964 (Reference 2). The data used included those

*Quads (modules): each quad or module incorporates four pulse modulated liquid
bi-propellant pressure-fed rocket engines and its propellant feed system - each me-
chanically independent, located at 90-degree intervals about the service module.
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given in the contractor's fourth quarterly reliability status report (Reference 48) and

from the Apollo Program Office data bank.

C.5.4.5.3 Results and Conclusions

The probability of system success for the Service Module Reaction Control System is
0.985. This system contributes 5. 7 percent of the total unreliability attributable to
the Command Service Module and 2.3 percent of the total Space Vehicle mission unre-
liability. The most critical Command Service Module Reaction Control System com-
ponents are: the expulsion bladder, propellant quantity sensors, and the isolation
shut-off valve. Of these the expulsion bladder problem is considered to be the most

serious one,

The crux of the problem at present is the compromise which attempts to make the
bladders thick enough to prevent excessive diffusion, which could cause upstream dif-
fusion and subsequent mixing of propellants leading to a possible explosion, and at-
tempts to make the bladders thin enough to prevent cracking due to brittleness. The
diffusion problem, along with the requirements for check valves, couldbe eliminated by
feeding oxidizer and fuel from separate pressurization systems. This need not require
additional helium tanks and regulators because oxidizer expulsion pressure for 2 quads
can be furnished by one pressurization system as easily as fuel and oxidizer pressuri-
zation can be furnished from a single system. Extra plumbing would be required,
however, and the problem of temperature control for propellants would be aggravated.
Even so, a considerable improvement in total reliability might be achieveable in this

way with little or no weight penalty.

The contractor reliability prediction is 0.998.

C.5.4.6 Command Service Module-Electrical Power System

C.5.4.6.1 System Configuration

The Electrical Power System configuration used in this analysis was based on the
Block I configuration due to current unavailability of Block I documentation. However,

- L2 s |

indications are that the Block II configuration will be almost identical to that of Block I

<D

85




SOOIkl

C.5.4.6.2 Analysis Data

The latest available reliability logic diagrams and failure rates published by the con-
tractor (North American Aviation, Inc.) for the Command Service Module Electrical
Power System are contained in Reference 36. Some of the failure rates are modified
in Reference 37. These logic diagrams and data were used for the present estimate,
even though they represent a Block I design. The contractor published logic diagrams
have several omissions, which if considered, would lower the present reliability
estimate.
(1) The battery charger, which represents a single point failure through-
out most of the mission, does not appear in the logic diagrams.
(2) The battery relay bus, which also represents a single point failure
under certain conditions, does not appear in the logic diagram.
Since this bus has a very low failure rate, the estimate will not be
greatly affected.
(3) The two pyrotechnic sequencing batteries, either of which will cause

an abort enabling failure, do not appear in the logic diagram.

(4) The two pyrotechnic separation batteries do not appear in the logic
diagram. Indications are that these batteries will be eliminated from
the Command Service Module Electrical Power System in the Block II

design.

Several Block II Design changes which will affect the reliability estimates are outlined
below:
(I) Expected elimination of the pyrotechnic separation batteries as men-
tioned above.
(2) Redesign of the present high acoustical noise static inverters used in
Block I, to obtain a low noise Block II static inverter. This redesign
will probably cause a different failure rate for the static inverters
due to added components (Reference 38).
(3) Replacement of the 25 ampere-hour Entry and Post-Landing Batteries
by 40-ampere hour batteries. This change will probably cause a dif-
ferent failure rate for the batteries and will lessen the criticality of

the battery charger (Reference 38.)
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While continuous operation is required for most components of the Command Service
Module Electrical Power System, this is not true for the static inverters. The normal
operating mode for the inverters requires that inverter No. 1 and No. 2 operate during
the boost phases of launch and during each AV maneuver. Only inverter No. 1 operates
at all other times. Should inverter No. 1 fail, inverter No. 2 begins continuous opera-
tion. Should inverter No. 2 also fail, the mission is aborted and inverter No. 3 is
used. While only one inverter operates throughout the majority of the mission, the
non-operating inverters are also subject to failure in the standby mode. Because of

lack of Block IT documentation, comparison of the present Apollo Program Office pre-

diction with that of the contractor would be meaningless at this time.

C.5.4.6.3 Results and Conclusions

A comparison of the predictions for the CSM Electrical Power System (Reference 38)
to the present reliability estimate is as follows: The Contractor prediction for system
success probability is 0.9959139 while the Apollo Program Office Estimate of system
success probability is 0,98174,

Equipment criticality ranking within the Command Service Module Electrical Power
System is as follows: Universal Inverter, Direct Current Bus and Distribution, Fuel

Cell Subsystem, Alternating Current Bus and Distribution, other Components,

C.5.4.7 Command Service Module - Miscellaneous

To simplify the reliability model, seven systems were combined and an overall relia-
bility value was calculated for use in the simulation model computations. The numeri-
cal results obtained were not significantly affected due to the low contribution to mis-
sion unreliability of this combination of systems. Only contractor fixed-point reliabil-
ity values were available for this system combination. This system category includes the
following: Structures, Heat Shield, Separation, Emergency Detector, Launch Escape,
and Earth Landing Systems.

The relative contribution of the composite of the above systems to the Command Serv-
ice Module unreliability is 0.86 percent and to the unreliability of the total space vehi-
cle, 0.35 percent,
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C.5.4.7.1 Structures

The only available contractor information on the Command Service Module Structures
was a reliability value given in Reference 38. The mission success and crew safety
apportionments and predictions as called out in the above document are all 0.999999.
This value was used in a single block model applied in the beginning of the Earth Orbit

phase (when max Q occurs).

C.5.4.7.2 Emergency Detection System (EDS)

At the time of input to this analysis, contractor reliability information on the Emer-
gency Detection System was limited to a single reliability value reported in Refer-
ence 38. This value was used with a single block representing the system in the sim-
ulation model. The contractor prediction of system success probability is 0. 9999910

and for crew safety probability it is 0.9999990.

The above reliability values are interpreted as follows. Since the Emergency Detection
System performs only a monitoring function during a successful boost, the mission
success value of the EDS is the probability of not causing a false abort. The crew
safety number then would be the probability of the EDS initiating an abort should an
abort be required.

There have been questions concerning a '"hot'" versus '"cold wire" design philosophy.

In the "hot wire' design, an Emergency Detection System power failure would cause an
immediate mission abort. In the "cold wire" design, an Emergency Detection System
power failure would not cause an abort and, in fact, could preclude an Emergency De-
tection System abort, although aborts via the translation controller would still be pos-
sible. This issue is quite basic to the mission concept because the Emergency Detec-
tion System is required only during the boost phase and is in the automatic mode during
first stage boost only. Once the boost phase is finished, the Emergency Detection Sys-
tem is not required, so an abort due to an Emergency Detection System power failure
is technically a "false abort.' Onthe other hand, an automatic Emergency Detection Sys-
tem abort is the ounly "safe abort" mode during first stage boost due totime constraints,

so that continuation without the EDS capability involves increased crew risk.

L
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C.5.4.7.3 Launch Escape System (LES)

North American Aviation Block I models and numbers, as extracted from Reference 39,
were used for this analysis. The models do not include the sequencing required by the
Launch Escape System nor the canard deployment for Launch Escape System aborts.

In the process of simplification, the model was reduced and a fixed point reliability
number calculated for input to the mission model. This fixed point number is 0. 999984

and is applied in both the mission success and abort configurations.

The qualification test of the fourteenth tower jettison motor showed an ignition delay

of 2.5 milliseconds. The problem is presently under investigation (Reference 38).

C.5.4.7.4 Earth Landing System (ELS)

The reliability logic diagramswere extracted from Reference 38 and the reliability
values from Reference 8. The contractor (North American Aviation, Inc.) did not
have supporting numbers for every block called out in the logic diagram, so applicable
values from the Apollo Program Office data bank were used. The model included all
parts of the Earth Landing System and is detailed to the switch and relay level, with
failure modes included. For simplification purposes, a reduction was accomplished
and two fixed-point reliabilities calculated; one applied to the forward heat shield de-

ployment and the other to drogue chute deployment.

C.5.4.7.5 Heat Shield

The only contractor reliability information available on the heat shield is the fixed
point reliability estimate extracted from Reference 38 andused as input to this analysis,
Contractor prediction of system success probability is 0.999960 and of crew safety
probability, 0.999960.

The unreliability caused by the heat shield was assumed to occur during the re-entry

subphase. Demonstration of heat shield performance is presently scheduled for the
Apollo-Saturn 201 Mission.
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C.5.4.7.6 Separation System

The major functional blocks of the Command Service Module Separation System are
Service Module/LEM Adapter Separation, Command Module/Service Module Separa-
tion, and Forward Heat Shield Separation. The Block I numbers given for these in-
dividual functions in Reference 39 do not agree with the top level Block II numbers
given in Reference 38. The contractor predicted top level Block II reliability values
used for the present estimate of system success probability and crew safety probabil-
ity are 0.9999715 and 0.999770, respectively. For the purposes of this study, it was
assumed that the Separation System could fail only during those mission intervals

where a separation function is required.

C.5.4.8 Command Module-Reaction Control System (RCS)

C.5.4.8.1 System Configuration

The Command Module Reaction Control System configuration considered in this anal-

ysis is based upon information derived from a North American Aviation, Inc. study

guide course given in 1965 (Reference 40) and contractor quarterly reliability status

reports,

C.5.4.8.2 Analysis Data

No up-to-date contractor models for the Command Module Reaction Control System
were available at the time of this analysis. Logic diagrams were developed from in-
formation sources cited in the preceding paragraph. The diagrams reflect the Design
Reference Mission as indicated in the Apollo Mission Planning Task Force documenta-

tion (Reference 2).

Ground rules used for model construction were as follows:
(1) Since the Command Module Reaction Control System is required for
re-entry, it was assumed that both system A and B* are required up

to the period of jettisoning the Lunar Excursion Module.

*The Command Module Reaction Control System consists of two identical and indepen-
dent systems identified as system A and system B. The major components in each
system are the pressurization system, propellant supply and distribution system, six
rocket engines and a propellant jettison system. .
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(2) On the return trip, system A and B are redundant since only one is
required for re-entry.

(3) A minimum of five (5) engines are required to exhaust the remaining
hypergolic propellant during parachute deployment prior to touchdown.
This could be accomplished by using system A or B helium supplies
for pressurization of the fuel.

(4 Purging of this remaining fuel can be accomplished with either sys-

tem A or system B helium supply.

C.5.4.8.3 Results and Conclusions

The probability of system success for the Command Module Reaction Control System
is 0.99845. This system contributes 0.6 percent of the unreliability attributable to

the Command Service Module. Critical components in the Command Module Reaction
Control System are the helium tank, and the pressure and temperature transducers.
The expulsion bladder does not appear to be as much a problem in the Command Mod-
ule system as it is in the Service Module because the Command Module Reaction Con-
trol System operating time is considerably less. However, the bladder diffusion prob-
lem described in paragraph C.5.4.5.3 pertains to its use in the Command Module
Reaction Control System regardless of the low operating time. The helium tank and
transducer of this system also accumulate the full operational mission time, and this
also contributes to unreliability. There is no appreciable difference between the Apollo

Program Office prediction and that of the contractor.

C.5.4.9 Command Service Module - Cryogenic Storage

C.5.4.9.1 System Configuration

System configuration as reflected in the contractor's sixth quarterly report (Refer-

ence 52) was used for this analysis.

C.5.4.9.2 Analysis Data

Logic diagrams and reliability data as contained in the contractor's sixth quarterly re-
port (Reference 52) were used exclusively. However, the contractor's prediction is

based upon data and models which are now out of date.

e
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C.5.4.9.3 Results and Conclusions

The probabilities of system success for the Command Service Module Cryogenic Stor-
age is 0.997. The most critical components in the Command Service Module Cryogenic
Storage are the pressure transducer and the quantity probe and indicating device (quan-

tity gauging of supercritical cryogenic fuel in zero gravity requires complex equipment).




. C. 5.5 LUNAR EXCURSION MODULE

The Lunar Excursion Module contribution of 31 percent of the Spacecraft unreliability
is due to the following systems (See Figure C. 5-9): Electrical Power System (37 per-
cent); Communications (22 percent); Environmental Control System (16. 6 percent);
Guidance and Control (11 percent); Reaction Control System (10. 7 percent) and the
combination of Structures, Ascent Propulsion, Descent Propulsion and Pyrotechnics
(2. 7 percent).

Figure C.5-10 and Figure C.5-11 depict the current mission success and crew safety
reliability apportionments and estimates of the LEM systems, as reported by the con-
tractor, In addition, Figure C.5-10 contains a column which presents the Apollo Pro-
gram Office prediction estimates.

A more detailed analysis of the results of this study and comparisons of these results
with contractor estimates as they pertain to the Lunar Excursion Module systems

are given in paragraphs C.5.2.1 through C.5.2.6.

C.5.5.1 Lunar Excursion Module - Electrical Power System

C.5.5.1.1 System Configuration

The Electrical Power System configuration used in this analysis is based on the latest
data about major elements of the system. The configuration includes four descent
batteries, two ascent batteries, two inverters, and redundant distribution elements.
A power interface is provided with the Command Service Module from which the LEM

receives necessary primary power prior to LEM checkout during translunar coast.

C.5.5.1.2 Analysis Data

The reliability logic diagrams upon which the estimate of LEM Electrical Power System
unreliability is based consist essentially of two equipment configurations. The first is
applicable to mission success from earth liftoff to lunar liftoff andis essentially areli~
ability series configuration of all the power system elements. The power system has

only two combinations of equipments capable of providing the system functional
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APOLLO SATURN 504 MANNED LUNAR LANDING MISSION
Lunar Excursion Module

Reaction Control System
10.7%

Communications
22%

iscellaneous* 2,7%

Guidance, Navigation, and
Control 11%

Electrical Power System
37%

Environmental Control
System 16.6%

*Miscellaneous includes structure, ascent propulsion, descent
propulsion, and pryotechnics.
Note: 1. The Lunar Excursion Module accounts for 18.4 percent
of space vehicle unreliability.
2. Ground Operational Support System and crew functions were
considered to have a reliability of 1.0 for this study.

Figure C.5-9, Percentage Contribution of Systems to
Lunar Excursion Module Unreliability
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requirements. As a result, if one combination or (path) fails, the nextfailure could

result in crew loss.

The second configuration applies from lunar liftoff to LEM jettison and is a redundant
configuration with all possible success paths included. The second configuration is
representative of mission success paths from lunar liftoff to LEM jettison or to any
abort attempt. The reason for the gerjes configuration is due to the fact that the power
system has two redundant paths and if one path should fail, the next failure would
be fatal.

C.5.5.1.3 Results and Conclusions

The predicted probability of Electrical Power System success is 0.95723. This system
contributes 37 percent of the mission unreliability attributed to the LEM. This also
represents 6. 4 percent of the unreliability for the total Space Vehicle over the entire

Manned Lunar Landing Mission,

The large impact of the Electrical Power System on LEM mission success is due al-
most entirely to the rather stringent ground rule that all four descent batteries must
operate during lunar stay and that mission success include a 34.7-hour stay. The
four descent and two ascent batteries contribute 70 percent of the Electrical Power
System unreliability. In this instance, unreconciled data and models contributed to
the small difference between the Apollo Program Office reliability prediction of 0.9572
and the contractor's reliability prediction of 0.9639.

Some concern has been voiced because of predicted overheating of an ascent battery
should one ascent battery fail returning from the lunar surface. This is primarily due
to load requirements and the present limitations of the Environmental Control System's
water-glycol cooling loop. It is understood that a redesign is underway to provide
more coolant flow through the battery cold plates and that this may alleviate the over-
heating problem.
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C.5.5.2 LEM Communications

C.5.5.2.1 System Configuration

Two conflicting Communications System configurations are presented in contractor

(Grumman) documentation. One configuration is contained in the Communications Sys-
tem Specification (Reference 53) whereas another configuration is recommended on the
basis of the Design Reference Mission studies (Reference 54). The configuration rec-

ommended in Reference 54 was used for this analysis.

C.5.5.2.2 Analysis Data

Logic diagrams and failure rate data were obtained from the contractor's first seven
quarterly reliability reports. Some modifications of available contractor models were

required in order to reflect the Design Reference Mission configuration.

Conflicts were noted in the contractor's system ground rules with respect to Communi-
cations. Used for this analysis were the more stringent ground rules supplied by the
contractor's communications group. These ground rules define VHF, S-band, EVA
and signal conditioning equipment as necessary system functions to achieve mission
success. Additional ground rules used were as follows:

(1) No communication failure is fatal to the crew.

(2) Emergency voice or key does not serve as a backup prior to lunar

landing.

C.5.5.2.3 Results and Conclusions

The probability of system success for the Communications System estimated by the
Apollo Program Office is 0.9746. This contributes 22 percent of the unreliability of
the Lunar Excursion Module. The prime cause of this high system unreliability is

the EVA backpack transceiver, for which early failure rate data reported by a contrac-
tor (Reference 41) was the only data furnished. The contractor's system success
probability estimate without EVA backpack transceiver, is 0.99768 (Reference 42).
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Excluding the EVA from considerations, the Lunar Excursion Module communications
reliability estimate is 0.98818. The failure rate associated with thetransceiver should
be investigated. Since the transceiver failure rate data is questionable and, since
each transceiver has two transmitters and two receivers, the potential for high reli-
ability is indicated. However, the early failure rate data indicate problems with EVA
transceiver which account for the difference between the contractor's reliability pre-
diction and that of the Apollo Program Office.

Except for the EVA transceiver there are no serious reliability problems in the LEM
Communication System. However, the S-band power tube and erectable antenna re-
quire continued attention in the test phases to establish assurance of the reliability of

these components,
Previous spacecraft communications experience indicates that the system configuration
as recommended in the Design Reference Mission document has the potential of pro-

viding acceptable communications performance.

C.5.5.3 Lunar Excursion Module - Environmental Control System (ECS)

C.5.5.3.1 System Configuration

Used for this analysis was the Grumman Aircraft and Engineering Corporation config-
uration of the Environmental Control System for LEM 4 as described by the system

schematic diagram (Reference 43).

C.5.5.3.2 Analysis Data

The calculations are based on reliability logic diagrams derived from contractor data
(Reference 43). These diagrams and associated failure rates supplied by the contrac-
tor were reviewed for validity at a Spacecraft Reliability Analysis Program Data re-
view meeting held on 21-23 June 1965 (Reference 49). The equipment timeline profiles

were derived from the Design Reference Mission (Reference 2).
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The reliability logic diagram of the LEM Environmental Control System contained the

ground rule that the portable life support system can serve as backup to the entire
Environmental Control System if an abort involving the Lunar Excursion Module is
initiated after "LEM-CSM separation."

C.5.5.3.3 Results and Conclusions

The probabilities of system success for the LEM Environmental Control System are
0.981. The inconsistencies in models and abort ground rules, noted under the CSM
Environmental Control System, also apply to the LEM. These differences are sched-
uled for resolution by the MSC Spacecrait Reliability Analysis Program Management

Panel and Data Review Meetings.

The most critical components within the Environmental Control System are the Water-
Glycol Pumps, the Pressure Suit Compressor, and the Cabin Recirculating Blower.
Low reliability of the brushless DC motors in these components is the common prob-
lem area. The major problem areas and comments on these components are tabulated

in Figure C.5-12. Reliability predictions by the Apollo Program Office and the contrac-

tor are in close agreement.

C.5.5.4 Lunar Excursion Module - Guidance and Control

C.5.5.4.1 System Configuration

The system configuration was developed using minutes from LEM Guidance and Con-
trol implementation meetings and contractors' reports. The Guidance and Control
configuration establishes the Massachusetts Institute of Technology/AC Spark Plug
Guidance System as the primary LEM control. The Grumman furnished Stabilization
and Control System becomes an independent abort backup system. Both systems have

manual control capabilities.

C.5.5.4.2 Analysis Data

The Guidance and Control reliability logic diagrams used for this analysis are based

on the Apollo Mission Planning Task Force Design Reference Mission documents
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(Reference 2). The failure rates for LEM Guidance and Navigation were obtained from

MIT data (Reference 33). The Stabilization and Control information was obtained from
contractor data (Reference 44). Equipment failures during non-operating periods were

not considered for this analysis.

Equipment checkout and updating, using Command Service Module reference data, re-
quires approximately two hours before LEM separation. Mission success criteria
require the equipment to operate during this time period. Crew safety is not a factor

because the mission will be aborted before LEM separation if a failure is detected.

C.5.5.4.3 Results and Conclusions

The probability of system success for LEM Guidance and Control is 0.98725. This is
based on the mission ground rule that allequipment essential to mission success must
operate after LEM separation, and for aminimum of 4 hours after touchdown on the

lunar surface. After the lunar exploration phase, redundant equipment configurations
are used with the backup guidance system as an alternate mode. For this analysis, the

LEM is required to operate through docking, although the Command Service Module is

capable of a rescue if necessary. The redundant configuration with the backup guid-
ance system can be used at any time in the mission when an abort is initiated. Apollo
Program Office reliability prediction (0.98725) for this system is in close agreement
with that of the contractor. The major portion of the LEM Guidance and Control System
unreliability occurs during those mission phases when ground rules preclude the use

of redundant equipments for mission continuation.

The individual equipments contributing the most to mission unreliability in descending
order are: Abort Sensor Assembly, LEM Guidance Computer, Abort Electronic As-

sembly, and Rendezvous Radar.

The abort equipment has the lowest equipment reliability due to the grouping of much
major equipment in one 'black box.'" The Abort Sensor Assembly contains all the
inertial reference equipment, and the Abort Electronic Assembly contains the com-

puter and timing equipment for the backup guidance system.
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The LEM Guidance Computer is the control center of the Guidance and Navigation
System. The complexity of this equipment and demanding program requirements con-
tribute to its unreliability rating. A study is being made to determine the feasibility
of replacing the Rendezvous Radar system with an Optical Track system, because the

reliability estimate for the Rendezvous Radar does not meet the apportioned
reliability.

C.5.5.5 Lunar Excursion Module Reaction Control System

C.5.5.5.1 System Configuration

The Reaction Control System is represented as described in the contractor's {(Grumman)
Seventh Quarterly Report (Reference 45).

C.5.5.5.2 Analysis Data

Used for this analysis were contractor reliability estimates, total operating time, and
stress modification factors, as reported in Grumman's Seventh Quarterly Report.
(Reference 45)

C.5.5.5.3 Results and Conclusions

As reported in the contractor's eighth quarterly report, a Design Reference Mission
Profile change has significantly affected the reliability of this system. The change
requires the Reaction Control System to remain pressurized during 34.7 hours lunar
stay rather than a four-hour stay (Reference 42). This change in the mission profile
creates a reliability problem because all of the 32 thruster valve assemblies are re-
quired to function during the lunar stay period. This requirement accounts for 80 per-
cent of the Reaction Control System unreliability. The valves fail primarily because of
leakage. Fuel system contamination at the thruster valves and a high duty cycle
count may prevent the valves from seating correctly. The contractor states in his
eighth quarterly report that better detection of injector valve failures will improve
abort capability. It is also reported that the present bladder leakage and ruptures
will be eliminated if a 6-mil, single-ply bladder is used in place of the 3-mil,
3-ply bladder.
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The Apollo Program Office reliability prediction for the LEM Reaction Control System
is 0.9876. The contractor prediction is 0.9441. The difference is largely accounted

for by the use of models which do not reflect current, revised ground rules.

C.5.5.6 Lunar Excursion Module - Miscellaneous Systems

Miscellaneous systems include LEM Structures, Ascent Propulsion, Descent Propulsion,
and pyrotechnics. These systems were grouped under a common heading only because
most of the systems had a fixed reliability value for each subphase in the mission.

The percentage of LEM unreliability attributed to these systems is 2.64 percent and

the percentage of mission unreliability is 0.49 percent.

C.5.5.6.1 LEM Pyrotechnic System

The latest available reliability information on the pyrotechnic system was the top level
Block II prediction data from Reference 42, The contractor prediction of system
success probability is 0.999924 and the crew safety probability is 0.999. In Refer-
ence 42 the contractor's apportioned and predicted mission success reliabilities are
.99998 and .999924 respectively. A crew safety apportionment of .99998 is contained
in Reference 45 and a prediction in Reference 42 of . 999954, With the high reliabilities
involved, these differences have little effect on mission and LEM system reliability.

These predictions are in complete accord with those of the Apollo Program Office.

Nearly all of the Pyrotechnics are required only during the subphase in which the sys-
tem engineer re-enters the LEM (Subphase 51). Inthe present analysis all Pyrotechnic

failures were assumed to occur during Lunar Prelaunch Checkout interval.

C.5.5.6.2 LEM Structures

Available reliability information used for analysis of the LEM Structures is the top
level Block II prediction data contained in Reference 46, as follows: mission success
probability is 0.999999 and the crew safety probability is 0.999999. Reference 42
specified apportioned mission success and predicted mission success and crew safety
respectively as 0.99995, 0.999978, and 0.999999. The apportioned crew safety in

104 ' i




s

Reference 45 is 0.99998. With the high reliabilities involved, these differences have
little effect on mission and LEM system reliability.

C.5.5.6.3 LEM Descent Propulsion System

The system configuration considered represents the LEM Descent Propulsion System

as described in the contractor's (Grumman) seventh quarterly report (Reference 45).

C.5.5.6.4 Analysis Data

Reliability estimates, total operating time, as reported in the contractor's seventh

quarterly report (Reference 45) were used for this analysis.

C.5.5.6.5 Results and Conclusions

The current system success probability estimate of 0.9969 compares well with the
Grumman estimate of 0.9988. The small difference is attributed to three items (1) a
shorter translunar flight time used in Grumman's model because of slight variations
in calculated mission time; (2) use of a more reliable supercritical helium storage

in Grumman's model,

The major contributors to unreliability in the Descent Propulsion System are the fol-
lowing: Helium Squib Valve, Helium Latching Valve (solenoid operated). Helium

Pressure Relief Valve and Burst Disc Assembly, and the Helium Storage Tank.

The contractor reports that the valve assemblies fail due to leakage resulting from
improper valve seating after the valves have been energized. Better filtration and

purge techniques are to be incorporated to alleviate the problems.

C.5.5.7 LEM Ascent Propulsion System

C.5.5.7.1 Systems Configuration

The system configuration considered represents the Descent Propulsion system as

described in the contractor's (Grumman) seventh quarterly report (Reference 45).
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C.5.5.7.2 Analysis Data

Used for this analysis were reliability estimates and total operating time reported in

the contractor's seventh quarterly report.

C.5.5.7.3 Results and Conclusions

The current system success probability estimates of 0.9969 compares well with the
Grumman estimate of 0.9983. The difference is attributed to two items (1) a shorter
translunar flight time used in the contractor's models and (2) the grouping of the

Ascent Propulsion System in a ''Miscellaneous" category for the present analysis.

The major contributors to system unreliability in the Ascent Propulsion System are the
following: Helium Squib Valve, Helium Latching Valve (solenoid operated), Helium

Pressure Relief Valve and Burst Disc Assembly, and the Helium Storage Tank.

The contractor reports that the valve assemblies fail due to improper valve seating.

Better filtration and purge techniques are being incorporated to alleviate the problem. .

C.5.6 CREW SYSTEMS

The current configuration of the Crew Systems were discussed at a recent Manned

Space Flight Center Reliability Data Review Meeting. It was tentatively agreed that
the Crew System and Crew Provisions should be studied from a Failure Mode Effect
Analysis and Configuration viewpoint, before mathematically representing the Crew
System elements in reliability logic diagrams. A reliability of 1.0 was assumed for

both Crew System and Crew Performance in this analysis.
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C.6 GROUND OPERATIONAL SUPPORT SYSTEM (GOSS)

This section conveys the current reliability information on the Apollo Saturn Ground
Operational Support System. For the purpose of making computations of crew safety
and mission success probabilities in the absence of sufficient reliability data, GOSS

functions during the mission are assumed to be performed with a 1.0 reliability,

C.6.1 SYSTEM DESCRIPTION

The Apollo Saturn Ground Operational Support System is an information transportation
system supporting the communications and tracking capabilities of the space vehicle,
GOSS is composed of complex facilities which will be operated by many and diversified
agencies. These facilities will be variably configured for each mission as well as
during each mission. GOSS functional support involves the following organizations;
NASA, Department of Defense and associated contractors, and the national and inter-

national communications carriers.

Apollo Saturn GOSS consists of:
1. Manned Space Flight Network
2, Control Centers
a. Manned Space Flight Control Center
b. Launch Control Center
¢. Huntsville Operational Support Center
3. Communications
a. Space Vehicle to Site
b. Intra-site
¢, Inter-site
4. Recovery Force (control and communications)
GOSS facilities are located on the ground, in aircraft, in ships, and in communications
satellites,
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The Manned Space Flight Network includes worldwide facilities of the United States

Government and several private agencies, constituting the following subsystems:
1. Voice Communications Subsystem

Telemetry Subsystem

Tracking Subsystem

Digital Command Communications Subsystem

Television Subsystem

. Display and Control Subsystem

Data Processing Subsystem

o =3 O LU B W

Timing Subsystem

C.6.2 SYSTEM SUPPORT COVERAGE

Reference 1 includes charts that specify the mission phases during which each MSFN
subsystem is required to perform its functions with respect to the spacecraft, but the
Display and Control, Data Processing, and Timing Subsystems are absent from these
charts. In general, Launch Vehicle requirements of the Manned Space Flight Network
include Telemetry, Tracking, and Digital Command Communications for 6.5 hours
following liftoff of the Manned Lunar Landing Mission. The Command Service Module
requirements include Voice Communications, Telemetry, Tracking and Digital Com~
mand Communications to be carried on throughout the entire mission except during
periods of thrusting. Television is specified during earth orbit and translunar coast
phases. During operation of the Lunar Excursion Module, Voice Communications,
Telemetry and Tracking are required. Television is called for during lunar surface

operations. Reference 2 contains the support requirements for GOSS in more detail,

The Manned Space Flight Network functions considered essential to mission success
include navigation (redundant to on-board celestial navigation), monitoring (redundant
to on-board displays), voice communications (ground personnel redundant to crew for

decision-making, trouble-shooting and technical advice).
The Design Reference Mission (Reference 2) states that GOSS support is limited to

about one-third of the earth orbit time. This limitation is due to the effect GOSS sta-

tion location has on antenna coverage. Launches at higher than 72 degree azimuth,
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either planned or resulting from launch delay, could result in less coverage. Mission

events obscured by the moon cannot presently be directly supported by GOSS,

In listing the required Apollo Saturn GOSS facilities, the Design Reference Mission
(Reference 2) is currently incomplete. The format shows the GOSS sites acquiring
and losing the space vehicle at specified times, but does not specify alternative mission
essential functions, such as navigation or monitoring. Updating of the GOSS references
for clarification of terminology concerning mission essential functions, is required

for reliability studies.

The Block 1 Guidance and Navigation system was designed for on-board navigation,
with earth-based tracking as a backup mode. The Block II Guidance, Navigation and
Control system to be used on all manned lunar flights will rely on earth-based track-

ing. The on-board capability is retained, but only as a backup.

Recommended mission ground rules require mission abort when one more failure
would result in loss of the crew. Since there are but two means of navigation, loss of
either dictates an abort. Accordingly, loss of earth-based tracking capability would
constitute mission failure, since the crew would initiate an abort using the on-board
capability. Those elements of the ground Operational Support System which are re-
quired for tracking the spacecraft, computing required velocity corrections, and
transmission of this information to the spacecraft, are deemed critical to the success
of all manned Apollo lunar missions. There are circumstances, however, under which
the mission probably would continue in spite of loss of GOSS navigation capability.
Since ground system failures can usually be repaired quickly, there are segments of
the Apollo mission during which transmission of navigation data could be delayed until
repairs were accomplished. These segments are the earth and lunar orbits, and the
long coasting segments of the translunar and transearth phases. On-board celestial
navigation might be used to continue the mission if GOSS navigation were expected to

be restored quickly.

C.6.3 CONCLUSIONS AND RECOMMENDATIONS

The overall capability of the Apollo Saturn Manned Space Flight Network to support the
Apollo Saturn missions is being reviewed by a group composed of representatives from
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the NASA Centers and NASA Headquarters (Reference 59). The initial meeting was in
January 1965. A joint NASA/DOD group was formed in March 1965 to examine the

possibility of single point failure in the Ground Operational Support of Gemini and

Apollo (Reference 60). Both groups have isolated potential problems in GOSS opera-
tions and are working toward solutions. Comprehensive reliability data is not cur-
rently available on Apollo-Saturn GOSS. A need exists for a GOSS reliability analysis,
paralleling the operational planning review of the Manned Space Flight Network and the

mission, to define the operational requirements for the network, and develop reliabil-

ity information.
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Abort Criteria

Conditional Reliability

Crew Safety

Crew Safety Probability

Critical System and/or
Equipment List

GLOSSARY OF TERMS

A stipulation of the conditions of the Apollo
System under which the nominal mission
will be discontinued and an abort

attempted.

The probability that a system, subsystem,
component or part will perform its re-
quired function under defined conditions
at a designated time and for a specific
operating period, given that it has oper-
ated as intended up to and including a
specified time point within the operating

period.

The event that all flight crew members of
a given manned space vehicle undertaking
a specified flight mission return to earth
either via the nominal mission or abort
paths without having suffered loss of life
due to failures or functional deficiencies

of mission associated equipments.

The likelihood (relative frequency) that
the event '"Crew Safety" will occur on any

one flight mission,

A ranking of system and/or equipments of
the Apollo system in order of their respec-
tive fractional contribution to total system

unreliability.
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Critical Phase List A ranking of Apollo mission phases in
order of their contribution to mission un-

reliability.

Failure Data The numerical values associated with
Apollo system equipments which specify
their failure rate, mean life, or some

other numerical reliability parameter.

Functional System A subsystem or group of subsystems per-
forming a common function, e.g., Guid-

ance and Navigation.

Mission Essential Equipment Equipment or combination of equipments
whose failure precludes successful mis-
sion completion.

Mission Phase An interval of time encompassing a speci-
fied sequence of events essential to the

execution of a mission.

Mission Success The event that a flight mission carried
out by a given manned space vehicle fully
achieves each and every objective speci-

fied for the nominal mission.

Mission Success Probability The likelihood (relative frequency) that
any specific mission will achieve all of

its assigned objectives.

Percent Contribution to The fraction, expressed as a percentage,

Unreliability which is formed by dividing the unrelia-

bility of an equipment by the sum of
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Relative Safety Hazard

Reliability

Reliability Data

System Success Probability

Unreliability

“

unreliabilities of all the equipments in

the system under consideration.

A normalized index of phase criticality
obtained by multiplying the phase unrelia-
bility by the probability that an abort taken
from this phase will fail, and dividing this
product by the unreliability of the most

unreliable phase in the mission.

The probability that system, subsystem,
component, or part will perform its re-
quired functions under defined conditions
at a designated time and for a specified
operating period. This term is also used
in a more general sense to signify non-
failure. Depending upon context, Relia-
bility and success probability can there-

fore be numerically equal.

A generic term denoting a set or sets of
quantitative and/or qualitative terms of
information pertaining to the intended or
actual performance and to reliability in

performance of equipments.

The likelihood (relative frequency) that

this system will not cause mission failure.

The probability that a system, subsystem,
component or part will not perform its
required function under defined conditions
at a designated time and for a specified

Jnreliability is equal to 1.0
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COMM - Communication

CSM - Command Service Module

DC - Direct Current

DOD - Department of Defense

DRM - Design Reference Mission
ECS - Environmental Control System
EDS - Emergency Detection System
ELS - Earth Landing System

EPS - Electrical Power System

EVA - Extra Vehicular Activity
Extra Vehicular Astronaut

FPS - Feet per second

GN&C (GNC) - Guidance, Navigation, Control
GOSS - Ground Operational Support System
HOSC - Huntsville Operational Support Center
LU, - Instrument Unit

LEM - Lunar Excursion Module

LES - Launch Escape System

LCC - Launch Control Center

LiOH - Lithium Hydroxide

LOI - Lunar Orbit Insertion

LOX - Liquid Oxygen

MAO - Manned Apollo Operations

MAX. Q - Maximum Dynamic Pressure

MCC - Mid~-course Correction

MSC - Manned Spacecraft Center

MSCC - Manned Spaceflight Control Center
MSFN - Manned Space Flight Network

NASA - National Aeronautics & Space Administration
PRO - Propulsion

RCS ~ Reaction Control System

REF - Reference
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RP-1 - A Grade of Kerosene

SM - Service Module

SPS - Service Module Propulsion System
TD - Technical Direction

MIT - Massachusetts Institute of Technology
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FOREWORD

Apollo Program Reliability and Quality Assurance Status Reports are prepared quar-
terly by the Reliability and Quality Assurance Program Office for the Apollo Program
Director based upon an analysis of information supplied by Reliability and Quality
Assurance groups at the Manned Space Flight Centers in Houston, Huntsville, and
Cape Kennedy., These reports document accomplishments during the period, current
status of the Reliability and Quality Assurance Program, and action planned for con-~

tinuing reliability improvement in the management and hardware areas of the Apollo
Program,
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A
SUMMARY

GENERAL

This status report documents the progress of the Apollo Reliability and Quality Assur-
ance Program during the third quarter of 1965, and it covers the following three areas:

Apollo Saturn IB flight missions, Apollo-Saturn V flight missions, and Reliability and
Quality Assurance Program Management,

Sections 1 and 2 contain current reliability and quality assurance status of the launch
vehicles, spacecraft, and ground supportequipmentassociatedwith the Apollo-Saturn IB
and Apollo-Saturn V missions. Reliability analyses of the Apollo-Saturn 201 and 504
missions are included, Details of the reliability analysis of the Apollo-Saturn 504 MLL
mission are contained in Appendix C - Apollo-Saturn 504 Mission Reliability Analysis,

a separate document being issued concurrently with this report. Status of the R&QA

Program Management activities during the report period are covered in Section 3,
APOLLO-SATURN IB FLIGHT MISSIONS

SIGNIFICANT ACCOMPLISHMENTS

The following accomplishments during the report period are of significance in assess-
ing progress in the early Apollo-Saturn IB flight missions of the Apollo Program:
a. A reliability analysis of the Apollo-Saturn 201 mission based on latest pre-

dictions and mission profiles was conducted.

b. Ninety-two percent of the requirements of NPC 250-1 are contractually re-
quired of the Saturn IB launch vehicle contractors. Of this 92 percent require-
ment, 83 percent are being implemented.

c. Supporting ground tests were accelerated to decrease mission risk of the
Apollo-Saturn 201 flight.

d. Acceptance testing of the S-IB-1 and S-IVB-201 stages was completed and the
stages were delivered to Kennedy Space Center.

e. Critical items lists for the launch vehicle stages of 201 mission were updated

Xi




¥ SUCCESS PREDICTION

' For the first launch (201) in the Apollo-Saturn IB series, the major elements of risk

are concerned with the operation of the S-IB and S-IVB stages. Relative contributions

3

':'-: to unreliability based on predicted values are depicted in Figure A,

32%
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Figure A. Apollo-Saturn 201 Mission Percent Contribution
to Unreliability Based on Predictions.

Predicted values indicate a mission success probability of 0,899 which exceeds the
allocated goal of 0.841. An event-by-event comparison of probable reliability and

allocated goals based on predicted values is shown in Figure B.

In the event of a major malfunction in the 201 mission launch vehicle, action may be
initiated by ground command to permit recovery of the Command Module. The proba- ¢
bility of contingency (abort) success based on predicted values was computed as 0, 992
f:: using the Launch Escape Subsystem and 0. 989 using the Service Propulsion Subsystem

& for separation power,
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Figure B. Apollo-Saturn 201 Computed Mission Success Probabilities

IMPROVEMENT ACTION

Action for program improvement will be concentrated as indicated in the following
paragraphs.

Component Qualification Tests

Qualification tests of flight critical hardware are behind schedule (Figure C). An evalu-
ation of the resultant risk to the 201 mission will be coordinated by the Reliability and
Quality Assurance Program Office prior to the Program Director's Flight Readiness

Review,
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Figure C. Apollo-Saturn 201 Component Qualification Status
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{ Hardware Delivery

% Late deliveries of the S-IU stage and spacecraft to KSC may compromise checkout of
3% the 201 mission flight vehicle. The Reliability and Quality Assurance Program Office
will monitor reliability and quality assurance activities at KSC to insure that checkout

plan changes will not degrade mission reliability.

: S-1B-1 Stage Prediction

The Number 1 fuel tank on the S~-IB-1 stage was damaged by overpressurization during
wet tests at KSC and is being replaced by a new thin-wall design tank from the S-IB-6
stage. The Reliability and Quality Assurance Program Office will review results of

current tests to determine their effect on the reliability prediction for the S-IB-1 stage.

Ground Support Equipment

Ground support equipment is being accepted at the contractor's plant by KSC, but no
plans or procedures exist for checkout upon receipt at the site, The Reliability and
Quality Assurance Program Office is supporting KSC in the development and imple-

mentation of reliable receiving inspection procedures,

APOLLO-SATURN V FLIGHT MISSIONS

SIGNIFICANT ACCOMPLISHMENTS

During the reporting period, the following significant accomplishments were made in
the Apollo-Saturn V flight mission:

a. The initial issue by MSFC of the "Saturn 501 Reliability Math Model" dated
7 September 1965 was published. The results of criticality analysesfor each
of the stages were included in the document, It is anticipated that the docu-
ment will be revised and updated in the near future. This represents the first
identifiable major reliability action solely for the 501 mission.

b. The R&QA Program Office completed an "Apollo-Saturn 504 Mission Relia-
bility Analysis" based on predictions and mission profiles, which is included
as Appendix C to this report.

c. Mission success criteria for the manned lunar landing mission have been re-

vised to reflect the 34. 7-hour lunar stay time. Apportionments are currently

&8 xiv




——————
being re-evaluated by the contractors in an effort to reflect latest mission
profile and ground rules, Contractor mission success predictions for LEM
are somewhat lower due primarily to the extended lunar stay time, CSM
mission success predictions are expected to follow the same pattern,
d. 86 percent of the requirements of NPC 250-1 are contractually required of

the Saturn V .contractors, Of this 86 percent requirement, 74 percent are
being implemented,

SUCCESS PREDICTION

Crew safety and mission success probabilities for the Apollo-Saturn 504 Manned Lunar
Landing mission are covered in detail in Appendix C. The estimates were prepared

using documented reliability information obtained from Centers and contractors.

Figure D shows the percentage contribution by stages and modules to present predicted
mission unreliability.

4% —»

Figure D. Apollo-Saturn 504 Mission Percent Contribution
to Mission Unreliability Based on Predictions

The percentage contribution to unreliability of the fifteen major phases of the in-flight
portion of the mission are illustrated in Figure E.
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Phase Name

Figure E. Apollo Saturn 504 Manned Lunar Landing Mission Major Percentage
Contribution and Contributor to Mission Unreliability Versus
Mission Phase

The transearth coast phase ranks highest in probability of crew loss since this is the
longest phase and neither primary nor secondary abort capability exists, The S-IVB
jettison to lunar orbit is estimated to have the highest probability of mission loss

é':x:' primarily because operational ground rules dictate that the mission be aborted if any

: of the guidance and navigation equipments fail prior to the Lunar Excursion Module
& descent.

Based upon Center/contractor reliability apportionment, the estimates of mission

success and crew safety probabilities are 0.96 and 0.73, respectively.

The Apollo Program Office predicted crew safety and mission success probabilities
for the manned lunar landing mission are 0.96 and 0.52, respectively, as shown in

Figure F. These estimates are based on Center/contractor reliability data.
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Figure F. Apollo-Saturn 504 Computed Mission Success
and Crew Safety Probabilities

IMPROVEMENT ACTION

The Reliability and Quality Assurance Program Office activity during the next quarter

will be directed toward reliability improvement as indicated in the following paragraphs.

S-IVB Jettison to Lunar Orbit Insertion Phase

wn

-IVB jettison tolunar orbit insertion

Saad fatd =

Current mission reliability analysis indicates the

phase is the prime contributor to mission unreliability and also ranks high (second) as
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a relative safety hazard, This condition is due to the abort criteria and abortduration,
The Apollo Reliability and Quality Assurance Program Office will examine this problem

: and will consider possible methods of mitigating the severity of the condition,

Launch Availability Analysis

Criteria necessary to meet the launch window have not been defined fully nor has a

; comprehensive analysis of launch availability been undertaken, Fragmented partial

R analyses are currently underway at various levels, but a common over-all approach

S is lacking. The Reliability and Quality Assurance Program Office will publish the first

: progress report during the next quarter,

Ground Operational Support System (GOSS) Reliability

There is presently no comprehensive body of reliability data on Apollo-Saturn GOSS.
The Reliability and Quality Assurance Program Office will analyze the GOSS/ space

vehicle functional interrelationships and report on progress during the next quarter,

S RELIABILITY AND QUALITY ASSURANCE PROGRAM MANAGEMENT

SIGNIFICANT ACCOMPLISHMENTS

During the report period, Apollo Reliability and Quality Assurance Offices initiated or
implemented additional plans for the continuing improvement of program reliability
through the coordinated use of more effective measurement, report, and control tech-
niques, Included were the following:

a. The Apollo Reliability and Quality Assurance Program Office completed and
issued October 1965 to Manned Space Flight Centers the over-all "Apollo Re-
liability and Quality Assurance Program Plan'" (NHB-5300.1).

b. The initial "Reliability and Quality Assurance Quarterly Status Report' on the
Spacecraft was issued 15 September 1965 by MSC/ASPO,

c. MSC has initiated monthly R&QA Program Review meetings with their prime
contractors. Review meetings were held with NAA, ACED, and GAEC during

the reporting period,
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d. MSF Centers conducted 12 R&QA audits of prime system contractors and se-
lected subcontractors,

e. Two lunar landing mission simulations were completed and a third simulation
was started during the report period, Guidance and navigation performance
of switching functions exceeded 0.99. Flight control and guidance and navi-
gation performance were within approved tolerance limits.

f. The "Metrology Requirements Manual" was completed during the quarter by
the Apollo R&QA Program Office,

g. The Manned Flight Awareness Program initiated by MSFC for R&QA motiva-
tional purposes has been extended through additional showings of the film,
"The Essential Component", particularly for indoctrination of new personnel.
MSFC's traveling Manned Flight Awareness exhibit was presented at 12 Saturn
contractor and subcontractor locations during the report period,

h, MSC/ASPO revised and updated, August 1965, the "Apollo Spacecraft Program
Office Reliability Requirements Manual''.

i, MSC/ASPO completed preparation of the R&&QA Policy for Material Review

‘ Board activities on Apcllo Spacecraft Program,

j. An Apollo Parts and Materials Management Panel was established to encourage
cooperation and information exchange.

k. KSC Reliability and Quality Assurance Office issued "Failure Reporting Sum-
mary, SA-8 Pre-Launch Test and Checkout at KSC'" 7 July 1965 and issued

"Failure Reporting Summary, SA-10 Pre-Launch Test and Checkout at KSC"
10 September 1965,

1. The draft report of the "Electromagnetic Compatibility Principles and Prac-
tices' manual, dated May 1965, was approved and issued by the Apollo R&QA
Office. This manual will be used by NASA as source and reference material
for electromagnetic compatibility (EMC) awareness courses to be presented

to management and engineering,

IMPROVEMENT ACTION

During the next period, action will be taken for program improvement as indicated in

following paragraphs.
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% Center Status Reporting

: Formal level II reports have not yet been issued from Reliability and Quality Assurance
% Offices at KSC or MSFC. Apollo Reliability and Quality Assurance Office is continuing

to assist MSF Centers by developing report requirements and procedures.

Program Audits

Appraisal of quality audit program at MSC indicates effectivenessbelow requirements,
3 The Apollo Reliability and Quality Assurance Office will review MSC's improvement

: action.

System Nonperformance Analysis

% July and September Program Reviews revealed a lack of failure information and many

: September review and a previous interim instruction will be prepared and Reliability

-

2

%‘ unresolved failures. An Apollo Program Directive for Failure Reporting based on the
"-.

2 and Quality Assurance Office personnel will assist MSF Centers in its implementation.

Single Point Failure Analysis

When issued, the Single Point Failure Analysis Directive will be coordinated with other
* Apollo Program Office Directorates and MSF Centers to insure that requirements of
% the directive are understood and subsequent implementation will furnish required

% information,

Reliability Management Study

£ Results of a Reliability and Quality Assurance Office study indicate the need for im-
provement in reliability interfaces, relationships, and implementation procedures at
the program level, Detailed reliability milestones will be established in association
with Manned Space Flight Schedules,

Reliability Modeling

Successful development of a compatible family of reliability analysis models is contin-
gent on the adoption and use of a common mission profile by contractors and MSF Cen-

ters at all levels.




N

At MSC, major organizational and technical requirements have been established,

prime contractor models have been reviewed, and a level II model is being assembled.
Formal guidelines issued by the Reliability and Quality Assurance Program Office for
conducting reliability estimations are currently being reviewed by MSF Centers. Reli-
ability and Quality Assurance Office personnel are continuing to coordinate with MSF
Centers to achieve a common mission profile.

At MSFC, meetings have been held during September to discuss the level II launch

vehicle model. As a result of these meetings, level II and level III model reviews
will be scheduled.

KSC has concentrated on the development of Failure Modes and Effects analysis and on
"Alternate Modes of Operation' for those items of Ground Support Equipment for which
KSC has prime responsibility. Both of these activities entail the construction of mod-

els which are compatible with those being developed by MSC and MSFC.
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SECTION 1: APOLLO-SATURN IB MISSIONS

1.1 GENERAL

1.1.1 INTRODUCTION

This section discusses the reliability and quality status of the Apollo-Saturn IB flight
mission equipments with specific emphasis on the Apollo-Saturn 201 Mission, The
scope of this report has been broadened to include qualitative data on the Apollo-
Saturn 202 and 203 missions. For purposes of clarity, each of the subject missions

is discussed separately.

Major accomplishments during the reporting period encompass both hardware and
software activities which include the following:
a. Completion of the functional reliability drawings for the S-IB-3 stage an
the critical items list for the S-1B-4 stage.
b. Completion of failure rates and logic data for use in the S-IB-2 reliability
evaluation model. '
c. Performance of reliability assurance evaluations on Saturn IB Launch
Vehicle contractors by the MSFC Reliability and Quality A ssurance Office.
d. Completion of approximately 80 percent of the ground tests in support of
the Apollo-Saturn 201 Mission.

Problems that could degrade reliability in the early 200 series flights are listed
as follows:
a., Slippage in the delivery of the S-IU-201 stage to KSC caused by the ESE
checkout station activation at MSFC could degrade the test program at
KSC, adding risk to the Apollo-Saturn 201 Mission,
b. The Reaction Control System titanium oxidizer tank and bladder problems
discussed in paragraph 1.5 could have a serious effect on the Apollo-
Saturn mission. NASA has stated that the Apollo-Saturn 201 and 202
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missions can be flown only with severe curtailment in the functional oper-

ation of the tank assemblies,

c. Replacement of the No. 1 fuel tank on the S-IB-1 stage precipitated by
overpressurization damage during wet tests at KSC could degrade the
reliability of the Apollo-Saturn 201 flight. The replacement tank was
taken from the S-IB-6 stage and is of the new thin-wall configuration

presently under test,

Implementation of the reliability requirements of NPC 250-1 by the Saturn IB Launch
Vehicle contractors is shown on Figure 1-1. The degree of contractor compliance
with the contractual requirements is subject to review since documentation in support
of quantitative compliance was lacking in most areas, MSFC project management has
received the results of these reliability assurance evaluations along with specific rec-

ommendations for upgrading the contractor's reliability programs.,

1,1.2 APOLLO-SATURN 201 MISSION

1.1.2,1 Mission Reliability Analysis

1.1.2,1,1 Summary

Since complete Center/contractor reliability analyses of the Apollo-Saturn 201 Mission
are not available, predictions made independently by the Apollo Program Office (APO)
have been compiled and compared to the similar available contractor predictions for
Apollo-Saturn 201 Mission success, No common basis existed for the contractor pre-
dictions; some were made on the conventional reliability basis, some on the "no stage
loss' basis, and others are the results of preliminary computations on a "no uncor-
rected failures' basis. The APO predictions were made on the conventional reliability

basis,

The planned mission profile has been divided into phases, each phase beginning and

ending with a definite event which can be monitored during the flight. Mission success

models have been developed to represent the equipment use and status in each modeled

phase. The conditional probability is the probability of each phase being completed

provided it has been started, and the unconditional probability is the probability of the ’
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mission proceeding to the start of each phase. These probabilities were computed

using the models and predicted values.

Two types of contingency situations were modeled, and their probabilities of success
were computed using predicted values. Such contingency plans can be used for the

Apollo-Saturn 201 Mission only by command from the ground.

Mission success is defined in the "Apollo Reliability Estimation Guidelines' as 'the
attainment of all major objectives of the mission as defined in the mission and flight

directive ...."

Data for assessing or predicting the reliability of the Launch Complex and Eastern
Test Range (or Ground Operational Support System) were not available; thus, the ef-
fects of these systems were omitted from the computations by assuming a value of 1,0

for their reliabilities.

1.1.2,1.2 Mission Profiles

No changes were found forthe Apollo-Saturn 201 Mission Profile listed inthe Quarterly

Status Report for the Second Quarter 1965, To assist in comparison of missions, the

201 Profile is repeated herein as Figure 1-2,

1.1.2.1.3 Mission Success Goals

No changes have been received in the goals, listed in Figure 3-23 of the Quarterly
Status Report for the Second Quarter 1965, relating to the Apollo-Saturn 201 Mission.

General S-IB, Instrument Unit, and Block I Spacecraft goals were used as approxi-

mations because goals specifically for the 201 Mission were not available, The com-
puted probabilities based on goals may be considered pessimistic, since the 201 Mis-
sion involves shorter time periodsthanthe earth orbital or reference mission (40 min-

utes compared to over 200 hours).

1.1.2,1.4 Mission Success Predictions

The results of computations for mission success of the Apollo-Saturn 201 Mission,

using the profile of Figure 1-2 and the system/subsystem predictions listed in




Elapsed Time . .
in Seconds Events Normalized Profile
MSFC MSC (A subphase extends Elapsed Subphase
Profile | Profile from an event to the Time in | Subphase Time in
(19) (35) next event) Seconds Number Seconds
Start Countdown 1 o
0.0 0.0 Liftoff, Hold Down 0.0
Release 9 146. 3
146.3 144.3 S-IB Cutoff 146.3 3 0.8
147.1 145.1 S-1B S-IVB/CSM 147.1
Separation 4 4.8
151.9 149.9 S-IVB Engine Ignition 151.9
(90% Thrust) 5 454.9
606.8 615.8 S-IVB Engine Cutoff 606.8 6 2490
855.8 Coast and Orientation 855.8
Maneuver 7 20.0
875.8 S-IVB/IU/SLA CSM 875.8
Separation 8 390.2
1266.0 SPS First Ignition 1266.0 9 180. 0
1446.0 SPS First Cutoff 1446.0 10 15.0
1461.0 SPS Second Ignition 1461.0 1 10.0
1471.0 SPS Second Cutoff 1471.0 12 31.5
1502.5 SM CM Separation 1502,5 13 112.5
|
1615.0 Entry, 0.05 G's 1615.0 14 4250
2040.0 Forward Heat Shield 2040.0
Jettison 15 441.0
2481.0 Touchdown 2481.0 16 (48 Hours
-——- Retrieval (48.68 Max.)
Hours
Max.)

Figure 1-2. Apollo-Saturn 201 Mission Profile

—
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paragraphs 1.2 through 1.5, are shown in quick reference form in Figure 1-3 and in
detailed form in Figure 1-4. The assumption is made that all flight critical systems

are operable or have a reliability of 1.0 at liftoff.

The spacecraft contractor had performed a preliminary assessment of the Spacecraft 009
equipment and planned to follow this assessment with final predictions during Septem-
ber 1965. Since this final information was not available for the preparation of this re-
port, the Apollo Program Office performed a reliability prediction for the spacecratft.
This prediction involved conventional reliability techniques based on available con-
tractor models and reliability data; where contractor information was not available,
state—of-the-art failure rates and synthesized logic diagrams were used. Environ-
mental modifying or "K-factors" were used to account for induced environments oc-

curring during the mission.

In the preparation of the mission computations for this report, predictions supplied by

contractors were used for the launch vehicle.

Spacecraft subsystem reliabilities that were significantly different from the prelimi-

nary contractor assessments are listed in the following:

APO Contractor
Calculated Assessments

Electrical Power Subsystem 0.999534 0.999966
Stabilization Control Subsystem 0.995630 0.999634
Communications 0.996670 0.999761
Earth Landing System 0.997972 0.999903
Environmental Control Subsystem 0.998910 None

Separation System 0,998337 None

Mission objectives paraphrased from the "Apollo-Saturn 201 Mission Directives'' that
were issued by OMSF, MSFC, and MSC are listed in Figure 1-5, with the probability
indicated for successfully accomplishing each objective. Because the phases used for
modeling begin and end with specific events that can be monitored during the flight, the
accomplishment of a mission objective may either coincide with the end of a phase or

occur during aphase.. An accomplished objective may involve the operation of hardware

"ﬂ
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h Computed Mission Success
Events Goals Predictions
(A Subphase extends To Beginning During To Beginning During
from an eventtothe [Subphase| of Period Subphase of Period Subphase
next event) Number |(unconditional)| (conditional)| (unconditional)|(conditional)
Start Countdown
1 (not modeled, assumed to be 1.0)
Lift-Off, Hold
Down Release
2 1.0 0.941793 1.0 0.947569
S-1B Cutoff
3 0.941793 0.999979 0.947969 0.999748
S-1B S-IVB/CSM
Separation
4 0.941774 0.999890 0.947730 0.999923
S-IVB Engine Ign.
(90% thrust)
5 0.941671 0.960420 0.947657 0.969033
S-IVB Engine Cutoff
6 0.904400 0.996069 0.918311 0.992676
Coast &Orientation
Maneuver
7 0.900845 0.999682 0.911585 0.999388
S-IVB/IU/SLA
CSM Separation
8 0.900559 0.997011 0.911027 0.997992
SPS First Ignition
9 0.897868 0.995804 0.909198 0.997209
SPS First Cutoff
10 0.894101 0.999888 0.906660 0.999974
SPS Second Ignition
11 0.894001 0.999767 0.906636 0.999480
SPS Second Cutoff
12 0.893793 0.999758 0.906165 0.999961
SM CM Separation
13 0.893577 0. 999139 0.906130 0.999810
Entry, 0.05 g
14 0.892808 0.954170 0.905958 0.995733
Forward Heat
Shield Jettison
15 0.851891 0.988539 0.902092 0.998668
Touchdown
16 0.842128 0.998792 0.900890 0.997952
Retrieval
Over-all (At End
of Retrieval) 0.841111 - 0.899045 -—=

Figure 1-4, Apollo-Saturn 201 Summary by Phases
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Computed Success Probabilities

Mission Objectives (Unconditional) (Conditional)
(Compendium) o 1
®) 2 8 8 3 & 8 32 o
= =3 < S S © o -
54 v /f-l_!_-'—
ved v T g v

1. Determine structural loading
of the spacecraft adapter (SLA) —
when subjected to the Saturn IB
launch environment

2. Demonstration of S-IB/S-IVB —
separation , ll l .

3. Demonstration of launch escape pa—
system separation y b1 1] ]

4. Demonstration of launch vehicle -
structural integrity

5. Verification of launch vehicle _
propulsion subsystem operation

6. Evaluate performance of the — i
open-loop emergency detection ’ . l l I
subsystem

7. Verification of launch vehicle
guidance and control subsystem - ’ l . l.
operation

8. Demonstration of launch vehicle -
command/service module (CSM) - . .l I .
separation

9. Determine long duration service
propulsion subsystem (SPS) per- - l l I l .
formance including shutdown ‘

10. Demonstrate restart of service - '
propulsion subsystem (SPS) ’ .l I .
following long duration burn

11. Verification of spacecraft service

module reaction control subsystem
(SM-RCS) operation

Figure 1-5. Apollo-Saturn 201 Mission Objective - Predictions (Sheet 1 of 2)

.
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12. Demonstration of service
module-command module
separation

13. Evaluate command module heat
shield ablator performance during
high heat-rate entry

14. Verification of spacecraft stabili-
zation control subsystem (SCS)
operation

15. Verification of spacecraft com-
mand module reaction control
subsystem (CM-RCS) operation

16. Verification of spacecraft com-
munication subsystem operation

17. Verification of spacecraft earth
landing subsystem (ELS)
operation

18. Verification of spacecraft en-
vironmental control subsystem
(ECS) operation

19. Verification of spacecraft elec-
trical power subsystem (EPS)
operation

20. Determine adequacy of re-
covery aids

21. Determine command module ade-
quacy for manned entry from low
earth orbit

22. Demonstration of spacecraft

{ structural integrity ‘ l . l l

LEGEND: W Indicates unconditional probability of activity being completed
B B W Indicates conditional probability of activity being completed

Figure 1-5. Apollo-Saturn 201 Mission Objective - Predictions (Sheet 2 of 2) .
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at only one specific time (for example, the separation of the CSM from the S-1VB/IU/
SLA), but the start of this event requires the successful completion of all preceding
phases. The unconditional or cumulative probability of the mission proceeding to the
completion of each objective is listed in Figure 1-5. Conditional probabilities of com-
pletion for most objectives (provided the functions involved have been started) are also
shown. Conditionals for some objectives could not be calculated, since the available

system/subsystem breakdown does not permit separation of the systems needed.

1,1,2,1.,5 Comparison of Goals and Predictions

For the Apollo-Saturn 201 Mission, the reliability predictions for all stages equal or

exceed the estimated goals (goals were used for this mission because very few con-
tractual apportionments exist). The over-all probability of mission success asderived
from the mission specification and supporting documentation has the goal of 0,841, It

is predicted to be 0.899. Detailed comparisons by phases are shown in Figure 1-4,

1.1.2,1.6 Contingencies

In the event of major malfunction during the interval between ignition of the S-IB en-
gines and separation of the Command and Service Module from the Launch Vehicle,
action may be initiated by ground command which will separate the Command Mod-
ule (CM) from the remainder of the vehicle and allow it to return by means of its
Earth Landing System.

Provisions have been made in the Apollo-Saturn 201 Mission Plans for two types of
contingencies (often called "aborts'). Use of the Launch Escape System (LES) can be
initiated at any time from S-IB ignition to the jettisoning of the LES after S-IVB igni-
tion, approximately 170 seconds after liftoff. The Service Propulsion System (SPS)
contingency can be used at any time from LES jettisoning to the S-IVB CSM separa-
tion, approximately 700 seéonds after the LES jettisoning. If either contingency is
required, one primary mission objective, ''evaluation of the Command Module heat
shield ablator performance during high heat-rate entry", cannot be achieved. Other
mission objectives which are demonstrated during early phases of the flight may be
reached, depending upon the flight time prior to initiation of the contingency.

Sl -



ST,

The predicted values of contingency success are computed to be 0.992 for the LES
contingency and 0.989 for the SPS contingency.

1.1.2.2

Qualification Test Summary

The summary of component qualification status is shown on Figure 1-6. This status

reflects flight critical components for the Saturn IB Launch Vehicle and total com-
ponent qualification for Spacecraft 009. All qualification test programs are behind

schedule with the exception of the S-IB stage. Repeated failures in the mandatory test

environments of the Development Qualification (DE/Q) tests on the S-IVB stage have

delayed start of formal qualification. Based on present analysis, the formal qualifi-

cation tests are not expected to be complete before the latter part of March 1966, in-

stead of 15 October 1965, as scheduled. A review of late test completions against the

requirements of the Apollo-Saturn 201 Flight are now underway.

1.1.2.3 Ground Support Tests

The status of the ground tests in support of the Apollo-Saturn 201 Mission as defined

in the "OMSF Flight Mission Directive for Apollo-Saturn 201" is shown on Figure 1-7.

Generally all tests are proceeding approximately on schedule with minimal risk to the

Apollo-Saturn 201 Mission. Current status of these tests is as follows:

1-12

a.
b.

S-IVB battleship - Testing for the Saturn IB programhasbeen completed.
S-IB-S structural - Propellant tank tests are approximately one month
behind schedule. Final test preparation is nearing completion,

S-IB-S structures - The fin assembly and tail section assembly have
been prepared for test and test procedures completed.

S-1U-200/5008 structures - The Saturn IB loading for the S-IU 200/5008
was completed satisfactorily with no reported failures.

S-IU-200V vibration test - Was completed on 31 July 1965. The seven
weeks delay in test completion was caused by special tests required to
insure the practicability of mechanical fasteners. No effect on Apollo-
Saturn 201 Mission will result from this delay.

S-IB-D dynamic - Additional dynamic tests are in process with the
S-IVB-D and S-IU-200D units. Completion is scheduled for mid-

September.




Percent
Stage 25 50 75 100
] 1 1
S-TB-1
S-IVB-201

oo ||

SC-009

}

201 Launch

AN

Previous  Progress Behind
Complete This Schedule
Period

Figure 1-6. Apollo-Saturn 201 Component Qualification Status
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g. The S-IU-200F, S-IVB-F, and S-IB-1 stages have been stacked with the

Spacecraft Verification Vehicle at LC 34, Propulsion subsystems

checkout, blockmeter calibration, and DDAS test are being performed
as part of the wet test sequence. During the leak test of the instru-
ment compartment (atop the fuel tank dome) an overpressurization oc-
curred causing the tank dome to depress six inches inward with result-
ant tears and cracks in the dome material, MSFC is evaluating pos-
sible corrective actions.

h. S-IVB-201 has completed checkout and has been shipped to KSC.

i. S-IU-201 is in process of checkout at MSFC, Start of this testnine days
late may cause a slippage of the 4 October delivery date.

j. Mission supporting tests on BP-14 and Command Module uprighting and
flotation tests on BP-2 have been completed.

k. Service Module acoustic tests on SC-007 have been completed, but the
Command Module acoustic tests (on SC-007) are approximately four
weeks behind schedule,

1. Spacecraft 004 CSM static structural tests are several weeks behind

schedule.

m. There is an eight week slippage in acceptance test and checkout of
SC-009 at Downey. It is presently scheduled for shipment to KSC about
30 September 1965.

n. There appears to be a redundancy of ground test vehicles for Command
Module water impact, flotation, and recovery tests,

o. Several CSM subsystems will not complete their formal test program
prior to the scheduled launch date of SC-009,

A change in basic test philosophy is evidenced by the emphasis placed on certification
test by MSC. The Certification Test Network encompasses all phases of hardware

testing including sybsystems test and component qualification.
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1.1.3 APOLLO-SATURN 202 MISSION

1.1.3.1 Configuration

Major differences between the Apollo-Saturn 201 and 202 space vehicles occur in the

Spacecraft and the Instrument Unit. The Spacecraft on the Apollo-Saturn 202 Mission
will carry the guidance and navigation subsystem for the first time and will have bat-
teries replaced by fuel cells, On the Apollo-Saturn 202 Mission, the Emergency De-
tection System will be flown closed loop in both the Instrument Unit and Spacecraft for

the first time,

1.1.3.2 Mission Profile/Mission Objectives

Apollo-Saturn 201 and 202 are nonorbital flights that have similar mission objectives:
a. Launch vehicle development,

Compatibility and structural integrity of CSM-Saturn IB,

CSM systems development,

Heat shield performance during high thermal loading.

o 2 0 T

Mission support facilities operation,

The mission profiles for Apollo-Saturn 201 and 202 are similar except for the type of
measurements monitored for CM heat shield, evaluation, and the flight duration and

touchdown locations used.

1.1.3.3 Ground Support Test

The supporting ground tests for the Apollo-Saturn 202 Mission are a continuation of
those required for Apollo-Saturn 201, A summary of the test status for the SA-202
Launch Vehicle is the same as SA-201. The certification test summary for Space-

craft 011 is shown on Figure 1-8; it indicates 95 certification tests behind schedule.

1.1.3.4 Reliability Prediction

Compilation of predictions supplied by contractors for the Apollo-Saturn 202 Mission
has been started. The results of mission success and contingency success computa-

tions will be supplied when available,

1-17
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The Apollo-Saturn 202 Mission profile is shown in Figure 1-9 in format similar to that
used in Figure 1-2 for the Apollo-Saturn 201 Profile. Although both profiles are for
ballistic trajectory, major differences in events and timing occur following the S-IVB
cutoff, Since only goals are available for the 200 series of missions (not contractual
apportionments), the same breakdown or allocation into subsystems of the stage goals

can be assumed for the Apollo-Saturn 202 Mission as was used for the 201 Mission.

1.1.4 APOLLO-SATURN 203 MISSION

1.1.4,1 Configuration

The major differences between the Apollo-Saturn 201 and 203 Mission configurations
occur in the S-IB stage. New thin-wall fuel and oxidizer tanks will be flown for the
first time on Apollo-Saturn 203, There will be no spacecraft flown on the Apollo-
Saturn 203 Misssion,

1.1.4.2 Mission Profile/Mission Objectives

The primary objective of Apollo-Saturn 203 differs from that of the 201 and 202 mis-
sions. While Apollo-Saturn 201 and 202 missions are planned to develop the launch
vehicle and spacecraft (see paragraph 1.1.3.2), the primary objective of Mission 203
will be the experiment of LH> containment in near zero-g environment, checkout of

S-IVB and IU in orbit, and mission support facilities operation.

The mission profile for Apollo-Saturn 203 is a 100 nautical-mile circular orbit with
no recovery. The Apollo-Saturn 202 Mission Profile calls for a nonorbital super cir-

cular re-entry.

The payload of the Apollo-Saturn 203 flight will have a shroud only; whereas, CSM 011
is planned for Mission 202, The S-IVB-203 will be put in orbit with 18,000 pounds
of LH,,

1,1.4.3 Ground Support Test

Ground verification testing for the thin-wall fuel and oxidizer containers has begun

approximately one month behind schedule. No problems are forseen for the Apollo-

Saturn 203 Mission,
QAN 119
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Elapsed Time Events Normalized Profile
in Seconds
MSFC MSC (A subphase extends Elapsed Subphase
Profile Profile from an event to the Time in | Subphase Time in
27 (27 next event) Seconds Number Seconds
Start Countdown 1 o
0.00 0.00 Liftoff, Hold Down 0.00
Release 2 146. 25
146,25 S-1IB Cutoff 146.25 3 5.50
151.75 S-1VB Full Thrust 151,75 4 20. 00
171.75 LES Jettison 171,175 5 438. 20
609.95 609,95 S-IVB Engine Cutoff 609.95 6 10. 00
619.95 S-IVB/IU/SLA CSM 619.95
Separation and RCS
Ullage 7 11.00
630.95 SPS First Ignition 630,95 8 233. 86
864,81 SPS First Cutoff 864 .81
3998.48 Coast and Orientation 3998.48 9 3133.67
Maneuver and RCS
Ullage 10 30. 00
4028.48 SPS Second Ignition 4028.48 11 84.97
4113.45 SPS Second Cutoff 4113.45 12 10. 00
4123.45 SPS Third Ignition 4123.45 13 3. 00
4126.45 SPS Third Cutoff 4126,45 14 10. 00
4136.45 SPS Fourth Ignition 4136.45 15 3. 00
4139.45 SPS Fourth Cutoff 4139.45 16 143. 69
4283.14 CM/SM Separation 4283.14 17 5 00
4288.14 Begin Entry Orientation | 4288.14 18 113.79
4401.93 Entry 4401.93 19 72. 00
4473.93 0.05 ¢ 4473.93 20 767.59
5241.52 | Tow. & Apex Cover Jet, | 5241.52 21 406. 34
5647.86 Touchdown 5647.86

Figure 1-9. Apollo-Saturn 202 Mission Profile
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1,2 S-IB STAGE

1.2.1 GENERAL

1.2.1.1 Milestones

Milestones necessary to monitor the S-IB Stage Reliability and Quality Assurance pro-
gram are shown in Figure 1-10. In general, the documentation identified in the mile-
stones provides the data required to establish the S-IB Stage Reliability and Quality
Assurance Status. Major accomplishments during the third quarter of 1965 were as
follows:

a. Delivery and errection of the S-IB Stage on Launch Complex 34 at KSC

for use as a facilities checkout vehicle.
b. Delivery to MSFC of the S-IB-2 Stage for static firing tests,

The two problems identified in the second quarter status report have been resolved as
follows:

a. Spider beam failure - Modified channel section verified by completion
of S-IB dynamic test,

b. Split engine tubes - Attributed to decreased stress margins as a result
of thrust chamber upratings. A program is under way at Rocketdyne to
improve the thrust chamber by increasing the stress margin through the
use of a longer jacket prefill as a deterrent to upper combustion zone

tube burning.

1.2.1.2 Reliability Program

A reliability assurance evaluation was performed by MSFC on the S-IB Stage. The
evaluation compared the degree that NPC 250-1 reliability elements were contractually

required and the degree to which they have been implemented (see Figure 1-11),

Specific recommendations for further enhancing the Chrysler Corporation Space Divi-

sion (CCSD) Reliability Program have been forwarded to program management,

o

1-21



SOUO)SOIIN 9OUBINSSY AJI[End pue A[IqEI[eY - 93818 dI-S

*0T-T 9an31d

@ °IlempieH A 21emijos :pajordwod
O oxempieq A oexemyjos :panpayog

XA
01 [S] =] L S i 4 e =4 T

@

O

—ATOATIOP 988)S )IM JUSIINOUOD

O

sotxaAIad 98eI8 9I-S

(uorjorpaad
ssooons a98e)s uorsstw Surpnioul)
jxodey uorjenead AIqeI[oy

- ATqauoiN Al A jzodoy smels ANrend
|
u ATyguol AlA 110doy snyels ANTIqeIed Pue ANTENd VO
|
f o8e}s yoeo Jo 9swolal TeUIJ .Hoﬁmh%mv 0 emmmm— (sjuauodwro))
a7 Suryuey £I1eOTILID
| 1-d1
- A1a931ENd 2! ISTT SMIBIS UOTIEOIJITEND)
(sjuawysijdwoooe pue
‘gyuswioainbax ‘soAnjoalqo ‘Ae[op Surpnrouy)
| ATqpuoin = syroday ssoxdoad ATYIUOW
(1oraU0D Aq paarnbay) ue[d weadoxd ANrend
|
| syjuour XIs AIoae arepdn -] SuoTsTA9Y ueld wexdoad AN[Iqeroy |
up | pag | puz | 3s1 |Wp |pag fpug | IST | Wy | PIE| PUT IST | W souosatiy weadord vOBY
LI6T 9961 G961 $961

1-22

]




100
|

>y
—
—
m ol ode%e
o2e
Lm OO "’“‘ 0”0"0
o | OO 50 9095,
= ¢ 8¢ RS
b= 0.0 55 CRAZ
$ % SR XXX
OO %X
@] - %28 00"00 94940,
=g %ll__ %0 X XXX
= OOt
m = 0% X 2R
Q 0% (XX %,
L E 938, ole
; OO ' 8¢
M9 555 0%ed
= 5¢0¢ (XX X2
> S 04 OO 0N
et .m (2 0%ed% 05
— 0 0000 0006 ¢
3 0% ¢ 0 (8¢ A
SEQ 5503 &5¢H¢ 55 o0
S 5 0 (¢ OO OO o0 0404
s (K AN S5¢8 o %e? S
o 030 OO od¢! oS XX
Qo %X (XX XX to%e XS
ol & X XK ot 5%
= §0 Q0 0 * %
— A % OO Q0 XX
1S NM L&KL 550 oouo 53
o Lo o TR o %0® 553 o
0 9 Q¢ O OO o0 0508
e S o2 30X XK (XX
0 o0 OO0 ode XX
Q XX (X (X 0599, 900
AN 0de XX X XXX K8
4 %00 o’ ot ot XX
oe, 00%s 0XX 2008 XX
=] 55 ¢ 0% %% JIE 4%
= 94%% K250 ouou non. (XX
& QO o0
S X 0 EXX sos QD 0%
OO0 OO0 .0 OCO) SO
= 2508 0000 0000 0000 000’
= 2 BB
X e R o B
(]
o S
0 + 8 T
- =] =]
= 5 o S d o | 5 0 S
Q g o 3 o0 o = 3 £
—~ & 0 =18 g o g | g = 8 | o=
1 80 s o o A 528 o | 0 = ° &
o = o 9 9 g D 2wel 89019 a0 o = 0
10 M o ~ O [T £3 ngoloa| % e g9
« 8 2 A3 sZ | 8| g< |S535 S| &2
[ (4] - e i~ joh a9 = SR
O b= @ > 8 o0 o > Qo o = > ]
Ay 2 2 | 88 Ee | @ | =z|2&|E = gl ed
> 8 g 7] Rl 5 2| o S g 3 = g =
e SR < o o < = -
< « w0 o o Q o < —
-~ 2 &) 29| o Q g
~ Q = ) n ~ Q
— < M = = BR VR B 80 =% < P~
® =19} ord = m m 5 vt = et + o= S =3 s
o o 7] = < = 17} - e ﬂ 17} [ 7o) = = o=
& O Q= = ) s o| So| 85 T Q )
Ay AleEs | =~ {2 | A | =O|&A |~ ]| R x| Aag

Contractually

Percent
Required

Implementation
of NPC 250-1

Percent

CCSD

Contractor

NAS8-4016

Contract No.

Figure 1-11, S-IBStage Reliability Assurance Evaluation Based

on NPC 250-1
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A reliability program plan for the H-1 Engine is being prepared by Rocketdyne as part
of contract conversion to incentive type. The plan will basically satisfy the require-
ments of NPC 250-1. A Reliability Assurance Evaluation Report will not be prepared

for the H-1 engine program due to the production status of the engine.

1.2.2 RELIABILITY ENGINEERING

1.2.2.1 Design

During the reporting period, functional reliability drawings for the S-IB-3 Stage and
the preliminary critical items test for the S-IB-4 Stage were completed.

Initial issue of the S-IB-3 Malfunction Detection System (MDS) Design Analysis was
distributed in July.

1.2.2.2 Redundancy and Trade-off Studies

Findings of an investigation of the present routing of the LOX bubbling line were issued
in a Human Factors/Maintainability report by CCSD. Rerouting to avoid human damage

possibilities will be effective on S-1B-4,

1.2,2.3 FMECA

A final failure mode and effect analysis was performed on the S-IB-1 Stage by CCSD.
Those items, the single failure of which will result in a probability of vehicle loss, are
entered on the critical items list in descending order. The ten most critical items as

a result of this analysis are shown on Figure 1-12,

A brief failure effect analysis was performed on the 200,000 pound thrust configuration
H-1 Engine. A more comprehensive analysis is being conducted on the 205,000 pound
thrust program. An H-1 Engine component criticality ranking has been started using

the engine failure effects analysis as a basis.

1.2.2.4 Mathematical Models

During the reporting period, CCSD completed the failure rates and logic for use in the

S-IB-2 reliability evaluation model and an appendix to the S-IB-1 reliability evaluation
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model and an appendix to the S-IB-1 reliability model report, This appendix added the
summary of range safety, tracking, and telemetry systems reliability evaluation

formerly omitted from the report.

1.2.2.5 Goals and Predictions

A trend of mission success predictions in relation to the goal for the S-IB Stage is dis-

played on Figure 1-13.

The H-1 Engine reliability trend is plotted on Figure 1-14, Engine reliability is based
on the last 100 equivalent full duration tests.

1.2.3 TEST PROGRAM

1.2.3.1 Ground Support Test

The spider beam assembly has been qualified. The S-IB-1 Stage is being used as a
facility checkout vehicle in support of the wet tests for Launch Complex 34.

During August, 15 failures have been identified on the S-IB-1 Stage bringing the total
failures to 212 since the manufacturing checkout. The chart on Figure 1-15 indicates
that ofthese 212 failures, control action is pending on a total of 51 to preclude recur-

rence on subsequent S-IB stages.

1.2.3.2 Qualification Test

Figure 1-16 shows the total component qualification status for the S-IB-1 stage. This

effort is ahead of schedule.

1.2.4 QUALITY ASSURANCE

Figure 1-17 shows the trend in quality rating of the Chrysler Corporation Space Divi-
sion (S-1/IB). The rating is based on the number and severity of defects and is a
function of standard manufacturing hours paid. A rating of 100 indicates no defects
for the reporting period. Of the reported defects, 85 percent were attributed to work-

manship in the April to May period and 65 percent in the 24 May to 20 June period.
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Phase Static Test Post Static Checkout Iéizlca;::lfth
Cumulative
Total 200 4 197 212
Failures
| Reported —_______.Z——— 176
99
0
Net Total
Unresolved 50 51
Failures /
.
100

Feb Mar Apr May Jun Jul Aug Sept

Figure 1-15., S-IB-1 Stage Failure Trend

Figure 1-18 shows the ""Unsatisfactory Condition Report" status for S-IB-1 as of
18 June 1965.

1.3 S-1VB STAGE

1.3.1 GENERAL

1.3.1.1 Milestones

Milestones necessary to monitor the S-IVB Stage reliability and quality assurance program
are shown in Figure 1-19. In general, the documentation identified in the milestones

provides the data required to establish the S-IVB Stage reliability and quality status.

Major accomplishments during the reporting period include the following:
a. Completion of the reliability math models for the S-IVB-202 and the
S-IVB 203 Stage.
b. Completion of the S-IB/S-IVB battleship test,
. c. Delivery of the S-IVB-201 Stage to KSC,

BT
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Figure 1-17, CCSD Quality Ratings

Status Jun Jul Aug Sept
Written - 80
Cancelled 1
Cleared 23
Outstanding 56

Figure 1-18. UCR Status
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1.3.1.2 Reliability Program

MSFC performs Reliability Assurance Evaluation surveys to determine the degree that

contractors are implementing contractually required elements of NPC 250-1.

Figure 1-20 shows the status of the S-IVB Reliability program through 9 September 1965.
Figure 1-21 shows the status of the J-2 Reliability program through 9 August 1965.

Reliability assurance evaluation survey formats EI—V Form Number 5, Rev.15 June
1965 (OT):I have been undergoing a period of development. Therefore, survey results
show an irregular pattern of implementation, and no attempt will be made to show the

correlation between surveys until the next quarterly status report.

Recommendations for improving the data feedback have been transmitted to project

management.

1.3.2 RELIABILITY ENGINEERING

1.3.2.1 Design

The S-IVB Quarterly Review was held at Douglas Aircraft Company, Inc. (DAC),
Huntington Beach, California, 15 September 1965,

1.3.2.2 Redundancy and Trade-off Studies

A structural defect in the manhole cover area at the tank ends was discovered in the
S-IVB battleship test under certain critical load conditions. An analysis of this pro-
blem concluded that reinforcement would be added at KSC on the S-IVB-201 Stage by

bonding metal strips around the collar weld area.

1.3.2.3 FMECA

The S-IVB-201 Failure Effects Analysis (FEA) was conducted by Douglas in March 1965,
Critical items were identified using the MSFC Critical Ranking Technique. The
S-IVB-202 FEA and critical items list were completed in May 1965, and the S-IVB-203
was completed in August 1965. Release of the S-IVB-204 Stage model is scheduled
for the first weck of November 1965,
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Figure 1-20, S-IVB Stage Reliability Assurance Evaluation Based
on NPC 250-1
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The S-IVB-202 Math Model incorporates 17 Engineering Change Proposals (ECP's) and .
Scope Changes (SC's) that are not in the S-IVB-201 configuration. The results of these

changes are the basis for a new list of the ten most critical items as shown on

Figure 1-22,

1.3.2.4 Mathematical Models

A math model will be issued for each S-IVB Flight Stage in the Saturn IB program. The
prediction for S-IVB-201 is 0.966. The prediction for S-IVB-202 is 0,97. The in-
creased reliability prediction reflects the incorporation of the 17 proposed design
changes in the S-1IVB-202 Failure Effects Analysis.

1.3.2.5 Apportionments and Predictions

The reliability trend for the S-IVB stage is illustrated in Figure 1-23.

1.3.3 TEST PROGRAM

1.3.3.1 Ground Support Test

S-IVB-201 full duration 455-second acceptance firing was successfully completed on
8 August. The S-IVB-201 departure date for KSC slipped from 28 August to 3 September.
S-IVB-20 arrived at KSC 19 September 1965.

No failures were reported on the S-IVB-201 Stage during the reporting period.
Figure 1-24 indicates the failure and control action trend from post manufacturing

checkout through this quarter's activity.

1.3.3.2 Qualification Test

The S-IVB formal qualification test program has been delayed by failures occurring
in the development qualification phase of the test program., These development quali-
fication tests are considered by the contractor as prerequisites for the release of

hardware configuration to formal qualification,
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Post Static
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100 | T T T 1
Cumulative —e - 92
Total 75 b
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Reports 50 F
25 35
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1 | 1 1 | 1 ]
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Figure 1-24, S-IVB-201 Failure Trend

Based on present analysis, the formal qualification tests are not expected to be com-

plete before the latter part of March 1966 instead of 15 October 1965 as scheduled.
The component qualification status is shown in Figure 1-25.

1.3.4 QUALITY ASSURANCE

Figure 1-26 shows the trend in percent parts discrepant at final assembly of the
J-2 Engines.

Figure 1-27 shows the discrepancies detected at Electrical and Mechanical (E&M)
Inspection on the indicated J-2 Engines. This includes both pre- and post-firing E&M

Inspection,

Figure 1-28 shows the trend in the total number of Failure and Rejection Reports

(FARR's) per month written by the contractor.
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Figure 1-28. S-IVB Stage Failure and Rejection Reports




1.4 S-IU STAGE

1.4.1 GENERAL

1.4.1.,1 Milestones

Milestones necessary to monitor the S-IU Stage Reliability and Quality Assurance pro-
gram are shown in Figure 1-29. In general, the documentation identified in the mile-
stones provides the data required to establish the S-IU Stage Reliability and Quality

Assurance status.

ESE (IU) availability slipped from mid-April to mid-August 1965, and the IU checkout
start from early June to latc August 1965. The S-IU-201 began electrical checkout
on 29 August 1965, which may jeopardize the 4 October 1965 delivery data to KSC.

IBM Owego is currently scheduled to deliver the LVDC and LVDA for S-IU-201

18 September 1965. The effect of this one month delivery slip is under assessment.

Status of problems reported last quarter is as follows;

a. Investigation of the S-IU-200V mounting bracket problem has resulted in
moving and redesigning the brackets. Resulting schedule changes are
under evaluation.

b. Structure components qualification test completion dates have been re-
scheduled to offset the slippage uncovered during the last quarter. No

effect on S-IU-201 is anticipated.

1.4.1.2 Reliability Program

MSF C conducted a reliability assurance evaluation on three Instrument Unit contractors
during September. The results are shown in Figure 1~-30, These evaluations, against
NPC250-1, disclosed a general lack of documentation or insufficient content in the docu-
mentation available.
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TCONPIDENTM b

A major handicap in thoroughly evaluating the degree of contractor compliance with
the contract requirements was inadequate documentation. Recommendations for im-

proving the data control and feedback have been transmitted to project management.

1.4.2 RELIABILITY ENGINEERING

1.4.2,1 Design
At the IBM Instrument Unit quarterly review meeting held at MSFC on 12 August 1965,

six design modifications were designated as mandatory for S-IU-201. These modifi-
cations are as follows:
a. Installation of a flapper valve in the cool air duct, which runs through
the umbilical to the IU.
b. Installation of the Environmental Control System (ECS) fluid pump at
KSC.
c. Installation of the flight sublimator in the ECS loop at Huntsville to re-
duce workload at KSC,
d. Installation of a new drain and fill valve in the ECS system,
e. Agreement on cleanliness levels of ECS.
Addition of Mylar coating to the pipes from the gas bearing heat ex-

changer to the stabilized platform.

1.4.2.2 Redundancy and Trade~Off Studies

The planned phase-over to Azusa and ODOP transponders from the MISTRAM and
radar altimeter transponders has been accomplished. Therefore, the MISTRAM and

radar altimeter systems will be removed from all Apollo-Saturn IB vehicles.

1.4.2.3 FMECA

The final FMECA for S-IU-201 is estimated to be completed by 1 October 1965. The
ten most critical items remain the same and are shown in Figure 1-31. This listing is
based on the Preliminary Failure Mode, Failure Effect, and Criticality Analysis for
S-1U-201 by IBM in May 1965.
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1.4.2.4 Mathematical Modeling

Publication of the "Instrument Unit Reliability Model Goal Definition Report' was re-
scheduled. This report will include a description of the Instrument Unit reliability
math model, the goal allocation optimizing scheme, the definition of mission profile,

and the goal effectivity schedule.

1.4.2.5 Goals and Prediction

The reliability trend, Figure 1-32, is included in this report to portray the over-all
prediction trend against the goal. As additional prediction data is made available by
MSFC, an analysis of the reliability improvement increments will be included.

1.4.3 TEST PROGRAM

1.4.3.1 Ground Support Test

A study program is underway at MSFC to evaluate the access door closing anomaly on

the S-IU-200/5008 structure test vehicle. Changes resulting from this study will be

incorporated into S-IU-201. No schedule problem is anticipated at this time.

1.4.3.2 Qualification Test

A summary of total component qualification testing is shown on Figure 1-33. The
current over-all test program is slightly behind schedule. No problems are foreseen
for completion of critical component qualification in support of the early Saturn IB
Flights.

1.4.4 QUALITY ASSURANCE

IBM has reported that some memory plane wires broke during vibration testing. Al-
though the problem was solved, the memory build schedule was disrupted. IBM will

reallocate memory modules for various LVDC's to minimize schedule slippage.

Since IBM began building LVDA connector plate assemblies (P/N 6113650), the welds
at the end of the ZE10 alloy RF filter have been a source of trouble. Studies showed

the welded filter plates to be in tension; whereas, they should have been stress-free

or in compression, IBM is now concentrating on improving welding techniques by .
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studying weld wire composition and operator methods. This investigation was sched-

uled for completion by 30 July.

Hard copper has been forming during the copper plating of MIB conductor layers.
Although corrective action was taken during the previous quarter, this formation con-
tinues to be a problem. IBM Manufacturing Engineering is studying operating param-
eters to determine possible other causes of this condition.

Unexpectedly high yield losses were occurring at the visual clip and chip inspection
station. The problems are equally distributed between chips and clips, the latter
resulting from the Level VI redesign. The chip failures (mainly tilted units) are not
related to the redesign activities. IBM has instituted procedures to reduce the re-

jection rates.

1.5 COMMAND SERVICE MODULE

1.5.1 GENERAL

1.5.1.1 Milestones

Two significant milestones were accomplished during this quarter; the flights of Pad
Abort-2 and SA-10. Even though the CSM's were of boilerplate configuration, hard-
ware maturity has been enhanced which will improve the reliability of the succeeding
flights,

On 29 June 1965, BP-23A (Pad Abort-2) was successfully launched from WSMR. The
objective of this flight was to simulate a pad abort from a Saturn I launch vehicle in
the event of an emergency. This test utilized a Little Joe II Launch Vehicle and,
since all planned test objectives were met, demonstrated the capability to abort from
the launch pad and safely recover the Command Module, This test completes the

pad abort test program.
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BP-9 (SA-10) was successfully launched from KSC on 30 July 1965. This flight was
the third Pegasus meteoroid detection satellite and marked the completion of the
Saturn I test program. One of the objectives demonstrated by this flight was the

successful separation of the boilerplate CSM from the S-IV stage.
Additional milestones include the following:
a. Completion of FMEA for SC-012 (Apollo-Saturn 204 Mission).

b. Issuance of the '"Preliminary Apollo Reliability Modeling" document.

A schedule of the reliability milestones for SC-009 (SA-201), SC-011 (SA-202), and
SC-012 (SA-204) is presented in Figure 1-34.

1.5.1.2 Reliability Program

The document entitled Apollo Reliability Program Plan, SID-62-203, has been up-
dated by NAA/S&ID, and a proof copy dated 15 August 1965 was made available for
NASA review,

NAA is currently investigating the use of PERT as a reliability management tool,
PERT is being applied to SC-012 reliability milestones and activities for a one-month

trial period to test the effectiveness of this technique.

The action taken on the problems reported in the second quarter status report is
presented in the following:

a. The development and qualification of dual-mode explosive bolt for LES
tower separation has been unsuccessful to date. The current plan is
to use a single-mode bolt on SC-002 and SC-009 and to investigate
other techniques to satisfy the redundancy requirements for tower
separation on subsequent vehicles.

b. A new pneumatic valve actuating system for the bipropellant valves on
the Service Propulsion Subsystem has replaced the hydraulically acti-
vated system. This is expected to resolve the problem of erratic
opening and closing times,.

c. A new reefing line cutter is being developed that is expected to resolve

the problem of failure at low temperatures.
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GAMERENI A

d. Ground tests on SC-004 and SC-007 are still behind schedule, but this
slippage is not expected to affect the launch schedule for SC-009.

e. The problem of adhesive bonding on CM structures has not been re-
solved. Possible solutions include a different technique for the appli-
cation of the adhesive or the use of a different type of bonding process.

f. Design review approval for the Command Module Reaction Control

Subsystem is still pending.

1.5.2 RELIABILITY ENGINEERING

1.5.2.1 Design

Design reviews have been completed on the following subsystems:

CM-SM Reaction Control
CM-SM Structures
Service Propulsion
Sequencers
Communications
Stabilization and Control
Launch Escape
Instrumentation
Guidance and Navigation
Data
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1.5.2.2 Redundancy and Trade-off Studies

NAA has a continuing program of redundancy and trade-off studies, but information

is lacking to evaluate the extent and effectiveness of this program.

1.5.2.3 FMECA

The SC-012 FMEA has been completed by NAA/S&ID and consists of 19 volumes.
This will serve as the basic FMEA for other Block I spacecraft.

The preliminary FMEA for all CSM subsystems on SC-011 was completed in May 1965
and the final FMEA is scheduled for completion by the end of this year. The final
FMEA for SC-009 was scheduled for completion by 1 September but is still incomplete.

1.5.2.4 Mathematical Model

The Preliminary Apollo Reliability Modeling document was issued by NAA/S&ID to
NASA in May 1965. The document contains a description of the current mission

‘ analysis computer program, consisting of the subsystem conditional reliability model
and the integrated system reliability model. The mathematical models and their
computer programs are utilized in performing system reliability predictions and

apportionments.

NAA performed a preliminary mission success functional assessment for SC-009 and
obtained an indicated reliability of 0. 989.(123) The final assessment is scheduled to be
completed 15 November 1965. The functional assessment studies assumed the
following:
a. All planned tests were successfully completed.
No unsolved problems remained, i.e., zero failures.
c. The functional reliability at 60 percent confidence for individual func-
tions was maintained constant.

d. Logic diagrams were combined in accordance with indicated redundancy.

1.5.2.5 Apportionment and Prediction

uled for i8 June, are now
y 22 November 1965,

The Block I apportionments and predictions originally sch
' 30 percent complete and are scheduled to be finishe
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The preliminary predictions for SC-012 are scheduled for completion by 29 October
1965.

A tentative schedule (as of 10 August 1965) of Reliability Predictions for SC-009,
SC-011, and SC-012 is presented in Figure 1-35.

1.5.3 TEST PROGRAM

The concept of constraint tests and component qualification tests has been replaced
by the Certification Test Network. This network represents a compilation by
NAA/S&ID of all spacecraft hardware testing (component, development, qualification,
design verification, mission simulation, system tests, flight tests, etc.) required to

support a specific flight spacecraft.

1.5.3.1 Ground Support Tests

The supporting ground test program for SC-009 and SC-011 is presented in Figure 1-7.
This chart identifies all the supporting ground tests; whereas, in the second quarter

status report, only the constraint tests for SC-009 were indicated.

The test of SC-002 is a very important supporting test for SC-009, since it will be the
first spacecraft configured CSM to undergo a flight test. This is significant because
of the results of the acoustic tests on the SC-007 Service Module. These tests re-
vealed areas of weakness in the structural integrity of the flight type spacecraft when
exposed to the noise pattern and levels predicted for launch and transonic flight. The
flight of SC-002 is scheduled for October 1965; if it is successful, no problems will
arise. However, if some of the major test objectives are not satisfied and it becomes
necessary to utilize the back-up test vehicle (SC-010), scheduling problems may re-
sult. Present flight dates are January 1966 for SC-009 and August 1966 for SC-010.
This scheduling of SC-010 does not appear too realistic in utilizing it as a back-up
test vehicle for SC-002.

The acoustic tests on SM-007 were completed on 25 June 1965, but as a result of

structural failures, additional tests were performed on the Service Module from

SC-006. These additional tests, which were completed on 13 August, were conducted
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at reduced noise levels with inconclusive results. The remaining acoustic tests are '
scheduled to start 1 October on CM-007. Since these tests will be conducted at the

increased noise level, the results should provide information necessary to determine

the structural integrity of the spacecraft.

There appears to be an abundance of ground test vehicles demonstrating Command
Module water impact, flotation, and recovery. The following vehicles have similar
test objectives:
a. BP-25, a Command Module for water recovery and handling equipment.
The test has been completed.
b. BP-28, a Command Module for land and water impact tests.
c. BP-2, a Command Module for uprighting and flotation tests.
BP-29, a Command Module for static stability, uprighting, and flota-
tion tests.
e. BP-12A, a refurbished BP-12 Command Module for water impact tests.

SC-007, a Command Module for water impact tests.

1.5.3.2 Certification Tests .

The certification tests in this report replace the component qualification status portion
of the second quarter status report. Although the Certification Test Network encom-
passes all phases of hardware testing, the major portion of it consists of the compo-
nent qualification test program. The status of the certification test program for

SC 009 and SC-011 is presented in Figure 1-8. This figure indicates 94 certification
tests behind schedule for SC-009 and 95 tests behind for SC-011 as of 1 July 1965, and
it represents a slippage of 41 percent on SC-009 and 43 percent on SC-011 of planned

test completions.

The majority of the SC-009 slippage can be attributed to the following subsystems:

a. Service Propulsion.

b. Electrical Power.

c. Structures.

d. Ordnance.

e. Stabilization and Control.
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The following subsystems have experienced problems during testing that could prevent
the completion of their formal test program by the presently scheduled SC-009 launch
date: '

a. Reaction Control Subsystem - The CM and SM nitrogen tetroxide tanks

have failed when tested with the oxidizer under temperature and pres-
sure. The existing tanks can be used on SC-009 and SC-011 under re-
stricted usage limits; however, they would not be acceptable for SC-012.

b. Ordnance Devices - Various cartridges have failed certification tests.

The present design is adequate for SC-009 and SC-011 but will not meet
the requirements of manned flight. Recommended corrections to the
problem are under consideration.

c. Service Propulsion - The gimbal actuator clutches are demonstrating

greatly reduced service life.

A redesign would result in a long delay; however, it is possible to
operate the clutches at reduced speed prolonging the life. The problem

‘ is still under consideration.
1.5.4 QUALITY ASSURANCE

1.5.4.1 Quality Milestones

Figure 1-36 shows the status of the spacecraft quality program in terms of scheduled
and completed milestones. These milestones pertain to activities associated with the

prime contractors.

1.5.4.2 Quality Problems

There has been a significant recurrence of potting separation on modules on the power
and servo assembly of the Apollo G&N system. The failure mode itself is minor; how-
ever, two critical failures have occurred when moisture penetrated the separation

and internally shorted two modules. Also, more than one occurrence is frequently
noted on a single failure report. Approximately 200 modules and 30 trays are involved.
Several corrective action methods have been taken, but as of latest reporting, satis-

factory solutions to the probiem have not been demonstrated.
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At present CSM 009 has 626 applications of non-Apollo qualified parts of which five
are connector applications that affect primary mission objectives. MSC is reviewing
a list of non-high-reliability hardware intended for use on CSM 009 to determine cor-
rective action requirements. Special tests are being conducted to verify the integrity
of CSM 009 application of commercial plugs in humidity and salt spray environments.
One particular problem concerning the use of non-Apollo qualified parts on CSM 009
has already been evidenced; viz, the Master Events Sequencer Controller which has
consistently failed.

Two fuel cells failed qualification testing. The first failed after 101. 75 hours of the
vacuum endurance test and was subjected to a complete teardown analysis by Pratt &
Whitney. The cause of failure was established to be contamination introduced by the
cleaning fluid used in preparing the equipment for oxygen service, which resulted in
plugging of the oxygen lines. To prevent recurrence, Pratt & Whitney has instituted
more elaborate gas sampling procedures prior to each test, more rigid purges after
any rework, and review of all assembly and test procedures. The second qualification
fuel cell experienced an internal short circuit 16 hours prior to the end of the 400-
hour qualification program. The primary cause of the failure was established as
dendritic shorting. The second fuel cell met the present Block I Apollo mission

specification requirements. No design changes are anticipated as a result of this
failure.

MSC Engineering and Development requested assistance in evaluating the adequacy of
the Quality Assurance program requirements of the Sperry Rand Corporation Contract
NASw-2847, for the Apollo Series 16 Pulsed Integrated Pendulum. A complete review
of the contractual requirements and Sperry's compliance thereto was, therefore,
initiated by MSC Reliability and Quality Assurance. Several potential problem areas
exist, some of which have been corrected, with the balance to be resolved within the
next quarter.

1.5.4.3 Quality Trends

Figure 1-37 represents the number of contract and engineering waivers per month on
the Apollo G&N Systems. GA/ACED reports indicate that no waivers have been granted
which wouid affect quality, reliability or performance. As of 10 June 1965, G&N Sys-

tem number 12 was received at NAA, joining systems 8, 20, and 17 already at NAA.
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Figure 1-38 represents the number of failures as of 1 July 1965 on the individual

G&N Systems.
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Figure 1-38. ACED G&N Failures by System as of 7/1/65

Figures 1-39 and 1-40 indicate the trends in quality performance of the prime con-
tractors during the manufacturing cycles. The measurement on the CSM is Material
Review Board actions per thousand manufacturing hours and the measurement on the .

Apollo G&N is defects per thousand manufacturing hours.
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1.6 LAUNCH COMPLEX AND GSE

1.6.1 GENERAL

Appolo-Saturn IB vehicles will be launched from Launch Complexes 34 and 37B at KSC.
Modifications and additions to each of these facilities were necessary in order to
accommodate the Apollo-Saturn IB vehicles and to provide systems for manned space-
craft operations. Detailed descriptions ofthe Launch Complex 34 modifications are
found in the KSC ""Launch Complex 34 Modification Plan"-prepared by KSC; the "Launch
Complex 37B Modification Plan'" is being prepared for issue in the last quarter of 1965.
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Many modifications to Launch Complex 34 have been completed, and the facility check-
out has begun in accordance with the !'"Launch Complex 34 Facilities Checkout Plan"
prepared by KSC. Delays of more than one week have been incurred in the demonstra-
tion of cryogenic facility capabilities. Validation of electrical control and monitor
networks with Ground Equipment Test Sets (GETS) is also being conducted, and sche-
dule delays of ten days to two weeks have been incurred. These delays are attributed
to computer and network troubles.

Failure Mode Effect and Criticality Analyses of launch complex equipment are planned
for each Apollo-Saturn IB mission. These analyses for the Apollo-Saturn 201 Mission

analysis have been completed and presented to the Crew Safety Panel on 21 and 22

September. Redesign of the Holddown Arms to improve reliability has been undertaken.

Two ACE-S/C stations have been delivered and are operating at KSC. The second
station was accepted on 8 August, ahead of schedule. The activation of this station
eliminates a major problem area in developing ACE-S/C programs for CSM-009
checkout at KSC.

Apportionment and prediction studies on ACE-S/C were essentially completed, and
emphasis has shifted to assessment and improvement of systems through failure
analysis. As part of the evaluation program, General Electric/ASD is evaluating a
representative station in the spacecraft checkout mission at KSC. While still below
the mission reliability goal of 0.998, tHe trend of system reliability is upward.

(See Figure 1-41).
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0.998
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Figure 1-41. ACE-S/C MILA Mission Evaluation T-1 to T-0 Trend Chart
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No over-all analysis of the launch operation aimed at analyzing and assuring capability

to meet mission launch windows has been undertaken.

1.6.2 LAUNCH COMPLEX RELIABILITY ENGINEERING

1.6.2.1 Launch Complex 34

Preliminary Failure Mode and Effect Analyses and the Criticality Analyses for most
Launch Complex 34 systems for the Apollo-Saturn 201 Mission have been completed.
These analyses identify those launch complex systems in which failures could cause
loss of the vehicle or create hazardous conditions for launch operations crews or
astronauts and criticality numbers are calculated. Fourteen systems include 89 items
which could have this failure effect. These systems are listed in Figure 1-42. Also
listed in Figure 1-42 are other launch complex systems in which malfunctions would
result in failure to detect or report a vehicle failure, thus permitting hazardous condi-
tions to continue endangering vehicle or personnel. No criticality numbers are shown
because some systems are being reworked. Redundancies are being included in the

Holddown Arms, for example, to reduce the over-all criticality.

Vehicle Loss Safety Problem
Environmental Control Lightning Warning
Liquid Hydrogen Hydrogen Detection
Liquid Oxygen Hypergolic Propellant Detection
Pneumatic Facility Combustion Stability Monitor
RP-1 Fuel Fire Detection Monitor
Holddown Arms Hazard Proofing
Fuel Fill and Drain Mast Firex
LOX Replenish Mast Power
Pneumatic Distribution Boat tail Condition and Water Quench
Swing Arm No. 1
Swing Arm No. 2
Swing Arm No. 3
Swing Arm No. 4
LOX Fill and Drain Mast

Figure 1-42. Saturn IB, LC-34 Failure Mode and Effect Analysis Summary
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1.6.2.2 Launch Complex 37B

In general, the equipment to be installed in Launch Complex 37B is similar to that
being prepared for Launch Complex 34, and it is scheduled for delivery after similar
equipment is installed at Launch Complex 34. Schedules for delivery of Launch
Complex 37B equipment are extremely tight (especially for ESE equipment). This will
create a need for greater R&QA effort to assure that standards are not relaxed as a
result of increasing pressure to meet schedules. Failure Mode and Effect Analyses
and Criticality Analyses are planned for each mission launched from this complex,

but no results are available at this time.

1.6.2.3 GSE Acceptance Procedures for Launch Complex 37B

Major GSE and Facilities equipment will be accepted by KSC after demonstration
testing has been satisfactorily accomplished. KSC has no plans or procedures for
performing acceptance tests or inspections at KSC on equipment procured by con-
tractors and that procured by KSC and other Centers. This equipment, which includes
racks, cabinets, cables, etc., would normally be checked out at their source and will
not be rechecked at KSC.

1.6.3 ACE-S/C RELIABILITY ENGINEERING

The over-all Failure Mode Effect Analysis work is being performed by General Elec-
tric/ASD. Inputs from Control Data Corporation and Radiation, Incorporated are be-
ing integrated by General Electric. The basic FMEA task is completed; the over-all
FMEA report is expected to be published by October 1965. These FMEA's include

a Criticality Classification for effect of the failure mode on ACE-S/C Ground Station.

A failure reporting and corrective action system has been operated by General Electric/
ASD throughout the program. Other suppliers of ACE-S/C equipment have not had re-
quirements for failure analysis; therefore, the failure analysis program has been in-
complete. NASA/MSC has taken action to correct this problem by assigning over-all
failure analysis responsibility to General Electric/ASD with support from Control Data

Corporation and Radiation, Incorporated.

ENTIAL




General Electric/ASD is performing monthly evaluations of the reliability of a repre-
sentative ACE-S/C ground station at KSC for the Apollo Spacecraft checkout mission.
The results of all mission evaluations through 1 July 1965 are plotted on the ACE-S/C
MILA Mission Evaluation Trend Chart (Figure 1-41). This chart has been developed
from failure reports categorized as "'mission critical"; these are failures that might
result in scrubs or holds. Actual MTBF's are presently improving as the number of
infant mortalities are decreasing; the experience of station operating personnel is
increasingk; and design debugging continues. To date, only the last hour (T-1 to T-0)
of the launch operation has been evaluated.

Information from operating ACE-S/C stations is continuously monitored. The MTBF
trends of systems and subsystems are continuously monitored and investigations are
initiated in those areas where potential problems are indicated. System availability,

as represented by mean hold time, is also used as a measure of ACE-S/C performance.
The trend of mean hold times is shown in Figure 1-43. The same factors affect this
measure as affect the MILA mission evaluation.

Mean Hold Time = Total Cumulative Hold Time (All Stations)
2.5 Total Number of Holds (All Stations)
2.0
1.5
1.0
0.5
0 .

o|n|p JIFIMIAlM]J]JlAISIOIN]:]

1964 1965

a I ¥al al

Figure 1~43. ACE-5/C Availability
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1.6.4 ELECTRICAL SUPPORT EQUIPMENT RELIABILITY ENGINEERING

Failure Mode and Effect and Criticality Analyses are being performed for Saturn IB
Electrical Support Equipment (ESE) by General Electric/ASD in Huntsville. Since ESE
equipment plays an important part in the over-all mission success, vehicle loss could
result from an independent ESE failure or from an ESE malfunction which results in
failure to detect and report a vehicle failure. Also, should the ESE falsely report a
malfunction when no malfunction occurs, an unwarranted hold or scrub condition could
result. It is sometimes possible for Operation Crews to override malfunctions of ESE

equipment for continuance of countdown.

Reliability program status of the ESE contracts is shown in Figure 1-44. Progress in
each of the program elements since the last reporting period is depicted by cross-
hatching. It should be noted that certain of the NPC 250-1 program elements do not
apply at this stage of the program and thus are not being 100 percent contractually
implemented.

In Figure 1-45, functions are shown which have been determined to include one or

more items which could have the failure effect shown. No independent ESE IU Stage
hardware failures were located that could result in vehicle or mission loss. However,
a failure in one particular circuit (initiates closure of theodolite hut window shutter
when ignition command is issued) could cause blast damage to the theodolite. Similarly,
no independent ESE System Integration hardware failures could result in vehicle or
mission loss. However, there are three components whose failure could also cause

possible blast damage to the theodolite.

Numerical reliabilities have been computed for the total ESE equipment furnished by
all suppliers. Over-all results for the three major groups; Launch Vehicle, Automa-
tic Ground Control System (AGCS), and Launch Control Center (LCC) are summarized

in Figure 1-46 (Reference 96).
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Vehicle Loss Could be Caused by:

Function or Subsystem

An Independent
ESE Failure

Both an ESE
Failure and
Vehicle Failure

Corrective
Manual Override
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Cutoff Command
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S-IV Ready for Launch
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Figure 1-45. Saturn IB ESE Criticality Analysis Summary
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Vehicle AGCS LCC
Apportioned (7 Hours) 0.9842 0.9920 0.9922
Predicted (7 Hours) 0.7406 0.8571 0.8641

Figure 1-46. Summary Of Saturn IB ESE Total System Reliability

1.6.5 TESTING PROGRAM

1.6.5.1 Launch Complex 34 Facilities Checkout

The Launch Complex facilities checkout is intended to verify the facility functional
status and compatibility of ground support equipment and the space vehicle. Details

of the checkout are documented in the Launch Complex 34 Facilities Checkout Plan.
Figure 1-47 identifies the major operations required to satisfy the checkout objectives.
Concurrently with this facility checkout program, a series of Computer-Ground Equip-
ment Test Sets tests are being performed to validate electrical control and monitor
networks required for all discrete signal circuits. These tests are reported below

in Paragraph 1.6.5.3.

The facility checkout program began in August 1965 with the erection of the S-IB-1
flight stage. The S-IVB-F and IU-F facilities stages were erected in late August.

IU-F component handling and ST-124 platform installation were completed. Spacecraft
erection and fit checks were expected to be performed in late September with the Space-

craft Facilities Vehicle.

The S-IVB-F manual LOX loading operation was completed on 9 September in prepara-
tion for the automatic loading operation. As of mid-September, however, S-IVB-F
LOX and fuel loading operations were 9 days behind the schedule necessary to meet
the operational required date. Detailed schedule information is not included here,

but it is available in the Launch Complex 34 Site Activation room at KSC.
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Checkout Objectives

Operations

Verify Stage and Spacecraft
Handling Equipment and
Techniques

Demonstrate S/V-to-Facilit
Mechanical Compatibility

Verify Inert Ordnance
Handling Equipment and
Techniques "

Demonstrate Operational
Capability of Launch Vehicle
RP-1 and Cryogenic Propel-
lant and Gas Facilities

Demonstrate Operational
Capability of S-IVB
Hypergolic Facilities

Demonstrate Operational
Capability of Spacecraft
Fluid Distribution System

Figure 1-47. LC-34 Facility Checkout Objectives
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Subsystem acceptance and qualification tests are continuing in addition to the major
operations shown in Figure 1-47. Figure 1-48 is a summary of failure reports
written on KSC supplied mission essential GSE through August. Importance categories
are not available at this time.

Subsystem Failures Reported Through August
RP-1 5
Water Quench 4
Primary Power 1
ECS 2
LOX 2
Gaseous Nitrogen 3
Hydrogen 3
Telemetry 7
Electrical Network 18
Ground Handling Equipment 3
Pneumatics 6
Launch Mast 1
Umbilical Swing Arm 1

Figure 1-48. Mission Essential GSE Failure Reports on KSC Supplied Hardware

1.6.5.2 ACE-S/C Testing

No requirement exists for reliability demonstration testing of ACE-S/C equipment.
Evaluation of equipment in its operating environment is therefore receiving emphasis
as reported in Paragraph 1.6.3.
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1.6.5.3 Computer - GETS Testing

Ground Equipment Test Sets (GETS) are pieces of equipment which simulate Saturn IB
vehicle electrical systems. This equipment is used to validate launch complexelectri-
cal control and monitor networks without using a flight vehicle. Signal responses
normally obtained from the vehicle are provided by GETS to monitor panels or to the
computer. These tests are the first demonstration of the capability of the RCA 110A

computer to effectively handle operational systems,

Tests of systems of the S-IB, S-IVB, and IU are in process. Computer and network
troubleshooting has been stated as the cause for delays which had accumulated to a
total of almost two weeks by 17 September. Details of failures or problems encounter-

ed are not available.
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SECTION 2: APOLLO-SATURN V MISSIONS

2.1 GENERAL

2,1,1 SUMMARY

The Apollo-Saturn V Reliability Programs are separable intotwo main groupings, i.e.
those associated with common 200/500 vehicles (such as the S-IVB and the CSM) and
those which are applicable to the 500 Series only (such as the S-IC), This section of

?

the report discusses only 500 Series missions information, It has been assumed that
the reader will examine both Sections 1.0 and 2.0 in those instances wherein overlaps

of interest occur.

The following paragraphs briefly explain the organization and content of Section 2.0,

a. Apollo-Saturn 504 Reliability Analysis (paragraph 2.1.2) - This para-
graph presents the major results of the mathematical analysis of the
Apollo-Saturn 504 Manned Lunar Landing Mission, Additional information
amplifying and supplementing the results is included as Appendix C to
this report,

b. Apollo-Saturn Reliability Program Status (paragraph 2.1, 3) - This para-

graph presents the present status of the over-all Center/contractor re-
liability programs and includes test and weight status information as
these affect reliability.

c. Stage/Module Reliability Status (paragraphs 2.2 through 2.8) - Each of
the stages and modules is discussed in turn and the present reliability

status of the hardware programs is discussed.

2.1.2 APOLLO-SATURN 504 RELIABILITY ANALYSIS

liability status of the Apollo-Saturn 504 Mission and systems is ex-
pressed in terms of system and mission phase impact on the chances of crew safety

ORI amEem—.
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and mission success, associated technical problems, documented reliability apportion-

ments, reliability predictions, and crew safety and mission success probability de-

gradation as a function of mission time and phase.

The Design Reference Mission Reliability Profile document (Reference 3 of Appendix C)
provides the profile data necessaryto satisfy the specific needs of the Apollo-Saturn 504
Mission reliability analysis. Cognizant reliability personnel at NASA Centers and
Headquarters have received this profile for review and comment, Bellcomm and
Marshall Space Flight Center have submitted useful comments primarily dealing with
format. This document, based on the Apollo Mission Planning Task Force Design Re-

ference Mission (Reference 2 of Appendix C) provides a substantial amount of addition-

al mission data required for reliability analysis. The document contains ground rules
for abort selection for those intervals of the mission where several types of aborts are
feasible. For example, during the time period from Launch Escape System jettison to
S-IVB ignition, a suborbital abort will be the primary abort choice. However, during
the period from S-IVB ignition to earth orbital insertion an abort-to-orbit will be the

primary abort mode. Constraints imposed by landing sites are considered and as-

sociated profile data necessary for crew safety and mission success probability esti-

mation are also contained in Reference 3 of Appendix C.

Apollo Program documentation, including documents issued by the Manned Space Flight
Center, Marshall Space Flight Center, and their respective contractors, provide fur-
ther basic information for this analysis. Center/contractor reliability prediction and
apportionment data, reliability models, and other engineering information were used
to structure the Apollo-Saturn 504 Manned Lunar Landing Mission/system simulation
model yielding the Apollo Program Office estimates of the following:

a. Predicted system/equipment reliability.

b. Predicted mission phase reliability.
¢. Predicted crew safety probability.
d.

Predicted mission success probability.

In addition, the unreliability contributions by equipment, system, stage/module, and
mission phase were derived from the mission simulation. Tabulations providing com-

parisons of the results of contractor documented reliability apportionments and

2-2
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predictions are included in Appendix C. Ground Operational Support System reliability

considerations are presented in summarized form. Prelaunch and launch aspects are

not included in this analysis.

2,1,2,2 Saturn V Launch Vehicle

The Saturn V Launch Vehicle is composed of the S-IC, S-II, S-IVB, and Instrument
Unit, The Saturn V Launch Vehicle reliability prediction value of 0.76 approaches the
apportionment of 0.85 stated in the Saturn V Program Development Plan (Reference 10
in Appendix C). There is no significant difference between Apollo Program Office and
Center/contractor predictions of mission success for the Saturn V Launch Vehicle.

The S-II and the S-IVB stages are the largest contributors (approximately 42 percent
and 35 percent, respectively) to the total Launch Vehicle unreliability of 40 percent.

Figure 2-1 shows relative contributions of each Stage to the predicted Launch Vehicle
unreliability.

Saturn V Launch Vehicle

Instrument
9.6% | Unit
12.6%

S-II Stage
42.2%

Note: 1. The launch vehicle accounts for 40.5 percent of Bpace Vehicle (Mission)
unreliability.

2. Ground operational support system and crew functions were considered to
have a reliability of 1.0 for this study.

Figure 2-1. Apollo Saturn 504 Manned Lunar Landing Mission -
Perceniage Contribution of Stages to Launch
Vehicle Unreliability

W oW
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Figure 2-2 shows the predicted Launch Vehicle and Stage success probabilities as a
function of mission phase.

The J-2 engines (S-II and S-IVB stages) are the greatest contributors to Launch Vehicle
unreliability primarily because of the relatively long operating time of the five engine
subsystems during the mission and J-2 malfunction problems. There are other equip-
ments which stand out significantly as main contributors to the Launch Vehicle unre-
liability. These equipments are theduct gimbal joints and ducting bellows (S-IC Stage),
the auxiliary propulsion engines (S-IVB stage), and an equipment selector switch in the

S-1VB stage.

The S-IC Stage and the Instrument Unit combined contribute approximately 23 percent
to the unreliability of the Launch Vehicle. The stage-by-stage comparison of relia-
bility apportionments and predictions shows no appreciable difference between Center/

contractor and Apollo Program Office values.

2.1.2.3 Apollo Spacecraft _

2.1.2.3.1 General

The Apollo Spacecraft is comprised of the Command Module, Service Module, and

Lunar Excursion Module.

Technological interfaces have given rise to the term ""Command Service Module" ac-
knowledging the fact that the two modules function essentially (up to the nominal mis-
sion event ""Service Module Jettison" at about 198 hours after liftoff) as one unit during
the entire mission. Launch Escape System and Adapter considerations are included

with those concerning the Command Service and Lunar Excursion Modules, respectively.

Analysis results show that approximately 60 percent of the mission unreliability of the
Apollo Space Vehicle is due to the spacecraft. With this percentage taken as a base,
the Command Service Module contributes 69 percent and the Lunar Excursion Module
contributes 31 percent to Spacecraft unreliability. Of all Spacecraft systems and
launch vehicle stages, the Command Service Module Guidance, Navigation, and Con-

trol subsystem ranks first with a percentage contribution to predicted over-all mission
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unreliability of 17.6 percent. Figure 2-3 illustrates mission success probability ver-

sus major mission phases.

Values for the probability of crew safety cited in Center/contractor documents deal

separately with the Command Service Module and the Lunar Excursion Module.

The Apollo Program Specification (Reference 1 of Appendix C) cites the Command
Service and Lunar Excursion Module reliability apportionments (mission success goals)
as 0.96 and 0,98, respectively. These figures are in agreement with the Center/con-
tractor documented reliability apportionments (Appendix C References 42 and 52).
The corresponding Center/contractor apportionment values * are 0.964 and 0,987,

The product of these two numbers is 0.96.

The Apollo Program Office predictions, based on Center/contractor subsystem and
component reliability predictions for the CommandService and Lunar Excursion Module
are 0,766 and 0.889, respectively. The product of these two numbers is 0.68. The
Center/contractor predictions for the Command Service and Lunar Excursion Module
are 0,944 and 0. 844 resulting in a product of about 0.83. The relatively large dif-
ference between the Center/contractor and Apollo Program Office predictions for the
Command Service Module and, therefore, the Apollo Spacecraft, is considered to be a
result of currently unresolved differences between Center/contractor and Apollo Pro-
gram Office reliability models, data, and mission information. In particular, the
Apollo Program Office considers some of the abort criteria, backup modes, and re-
dundancies to be questionable. For example, the contractor's reliability logic dia-
grams of the CSM Environmental Control System incorporate the assumption that the
mission will be aborted only after failure of the secondary suit loop compressor. The
present analysis assumes that the mission will be aborted after the primary suit loop
compressor fails, The Manned Spacecraft Center is currently working with the
contractors to resolve this and similar problems concerning other spacecraft systems

and subsystems.

*Numbers are rounded off,
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2.1.2.3.2 Command Service Module (CSM)

The Command Service Module contributes 41 percent to mission unreliability.

Figure 2-4 shows the percentage contribution of systems to Command Service Module
unreliability. |

Command and Service Module

Command Module

Miscellaneous* Reaction Control

0.9%

Command
Module
Guidance,
Navigation
and Control
42.8%

Cryogenic Storage
0.3%

* Miscellaneous includes structure, emergency detection system, launch
escape system, earth landing system, heat shield, and separation,

Note: 1. The Command Service Module accounts for 40,5 percent of
space vehicle unreliability.
2. Ground operational support system and crew functions were
considered to have a reliability of 1.0 for this study.

Figure 2-4. Apollo-Saturn 504 Manned Lunar Landing Mission Percentage
Contribution of Systems to Command Service Module
Unreliability

Following is a summary discussion of the reliability status of the Command Service

Module subsystems. Additional information can be found in Appendix C.




CSM Guidance, Navigation, and Control - This subsystem contributes 42.8 percent to
the Command Service Module unreliability. Ground rules (Reference 32 of Appendix C)

dictate that the mission be aborted if any of the Guidance Navigation equipments fail
prior to initiation of Lunar Excursion Module descent. This ground rule, the unreli-
ability of the two continuously operating flight director attitude indicators and the two
gyro packages, makes the Guidance Navigation and Control system of the Command
Service Module the leading contributor to the probability of mission failure. Continuous
operation of both indicators and gyro packages during the long translunar coast phase
significantly degrades reliability. Placing the equipment in the "off" or "standby"
mode during most of the translunar coast phase of the mission should be considered.
A comparison of the present prediction estimate to the contractor's apportionment and
prediction values cannot be made at this time as the contractor considers the Guid-
ance, Navigation, and Control system not as a separate subsystem but as part of the
Integrated Electronics system. The Apollo Program Office prediction estimate of
0.984 reflects the Guidance, Navigation, and Control subsystem as an independent
portion of the module.

CSM Enyvironmental Control System - The Environmental Control Subsystem contri-
butes 19.8 percent of the predicted Command Service Module unreliability. Most of
the system unreliability is due to leakage around the pumpbearings in the water-glycol

circuit. Improvements in the design are being evaluated,

CSM Communications - The Communications system contributes 11.8 percent of the

predicted Command Service Module unreliability.

Coinmunications during the translunar coast will be comparatively unreliable due to
expected performance limitations on the S-band directional antenna and the S-band
power amplifier. In the absence of contractor information, definitive ground rules for
determining mission success were postulated for analysis purposes. The current pre-
diction is conservative because of possibility of successfully completing a mission with

degraded communications has not been considered.

Contractor apportioned and predicted mission success reliabilities are grouped under
the general title of Integrated Electronics; therefore, no comparison with the Apollo

Program Office prediction is possible.

~SRbbiRbiid, 2-9
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Service Propulsion System - This system contributes 11 percent to the predicted Com- .

mand Service Module unreliability. Combustion instabilities and the long operating
time of the propellant tanks continue to degrade the reliability of the subsystem. The
storage tanks, being in use for the entire mission, are the largest contributors to

mission unreliability in this system, -

Service Module Reaction Control System - The Reaction Control subsystem contributes

5.7 percent to the predicted Command Module unreliability. The propellant tank
bladders exhibit high diffusion characteristics which are considered failures because

of the resultant degradation in propellant flow and the threat of propellant explosion,

CSM Electrical Power - The Electrical Power system contributes 7.1 percent to the
predicted Command Service Module unreliability. The universal inverter (Inverter
No. 3) contributes most to mission unreliability in this subsystem. While continuous
operation is required for most components of the Command Service Module Electrical
Power system, this is not true for the static inverters. The normal operating mode

for the inverters requires that Inverters No. 1 and No. 2 operate during the boost

phases of launch and during each AV maneuver. Only Inverter No. 1 operates at all
other times. Should Inverter No. 1 fail, Inverter No. 2 begins continuous operation.
Should Inverter No. 2 also fail, the mission is aborted and Inverter No. 3 is used.

Although only one inverter operates throughout the majority of the mission, the non-

operating inverters are also subject to failure in their standby mode.

The following Block II Design will affect the reliability estimates:

a. Expected elimination of the pyrotechnic separation batteries.
Redesign of the present high acoustical noise static inverters used
in Block I, in order to obtain a low noise Block II static inverter.
This redesign is expected to cause a different failure probability for
the static inverters due to addition of components.

c. Replacement of the 25-ampere hour entry and post-landing batteries
by 40-ampere hour batteries. This change is expected to lessen the

criticality of the battery charger.
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CSM Miscellaneous Systems - The Command Service Module structures, Emergency

Detection system, Launch Escape system, Earth Landing system, Heat Shield, and
Separation system contribute 0.9 percent to the module unreliability. Only fixed point
reliability values were available for each of these systems. There are no differences

between the Center/contractor and the Apollo Program Office reliability predictions.

CSM Reaction Control System - The Command Module Reaction Control system con-

tributes 0.6 percent to the predicted total module unreliability. The helium tanks
which are pressurized for the entire mission, are the heaviest contributors to the
probability of system failure. Since the propellant tanks are not pressurized until just

prior to re-entry, expulsion bladders do not appear to present a reliability problem.

CSM Cryogenic Storage - The Cryogenic Storage system contributes 0.3 percent to the

predicted Command Service Module unreliability. The equipment needed for quantity
gauging is the most unreliable part of the Cryogenic Storage subsystem. Specifically,

the pressure transducer and quantity probe and indicator are critical items.

2,1.2,3.3 Lunar Excursion Module (LEM)

The Center, contractor, and Apollo Program Office mission success reliability pre-
dictions for the Lunar Excursion Module are in agreement. The Lunar Excursion
Module contributes 18,5 percent to the predicted mission unreliability. Following is
a discussion of the reliability status of the Command Service Module subsystem. More
detailed information can be found in Appendix C. The percentage contribution of sys-

tems to Lunar Excursion Module unreliability is shown in Figure 2-5.

LEM Electrical Power System - The Electrical Power System contributes 37 percent

of the predicted Lunar Excursion Module unreliability. This is due to the operational
ground rule requiring all four descent batteries to operate duringthe lunar stay period.
The duration of this period (approximately 35 hours) combined with the battery failure
rate accounts for 70 percent of the Electrical Power System unreliability. A lunar

stay of only 20 hours, for example, would increase the probability of mission success

since only three of the four descent batteries would be required.

AN ;
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N AL

Lunar Excursion Module

Reaction
Control

Communications

Electrical
Power System
37%

*Miscellaneous includes structure, ascent propulsion, descent propulsion, and
pryotechnics,

Note: 1. The Lunar Excursion Module accounts for 18.4 percent of space vehicle
unreliability.
2. Ground operational support system and crew functions were considered to
have a reliability of 1.0 for this study.

Figure 2.5. Apollo-Saturn 504 Manned Lunar Landing Mission
Percentage Contribution of Systems to Lunar
Excursion Module Unreliability

LEM Communications - The Communications System contributes 22 percent to the
predicted module unreliability. The Extra Vehicular Activity (EVA) backpack trans-

ceiver contributes most to the probability of system failure because of a high failure

rate and long mission use time. The high failure rate, however, is questionable since
each transceiver has two transmitters and two receivers; in addition, the total failure
of one backpack receiver does not necessitate an abort of the mission but merely de-

grades the efficiency of conducting the lunar exploration.

LEM Environmental Control System - The Environmental Control System contributes

16.6 percent of the predicted total module unreliability. The major Environmental

Control System problems are in the water-glycol circuit, the pressure suit compressor,
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and in the cabin recirculating blower, All three subsystems have low reliability brush-

less dc motors.

LEM Guidance And Control - The Guidance and Control System contributes 11 percent

of the predicted total module unreliability. The abort sensor assembly contains all the

inertial reference equipment and is the most unreliable component in the system.

LEM Reaction Control System - The Reaction Control System contributes 10,7 percent

of the predicted total module unreliability. The propellant bladders are the most un-

reliable components.

LEM Miscellaneous Systems - The Miscellaneous Systems contribute 2.7 p¢ rcent of

the predicted total Lunar Excursion Module unreliability. The Miscellaneous Systems
include the Lunar Excursion Module Structures, Ascent and Descent Propulsion, and
Pyrotechnics Systems. Reliability information on these systems are limited at the
time of this analysis. Fixed value reliability estimates from the Apollo Program

Office data bank compare well with the coniractor apportionments and predictions.
The major problem in the Ascent and Descent Propulsion Systems is the re-seating of

the valves after an operational cycle. Purge and filtering techniques are being im-

proved to alleviate this problem.

Crew Systems - The current configurations of the crew system were discussed at a

recent Manned Space Flight Center Reliability Data Review Meeting. It was tentatively
agreed that the Crew System and Crew Provisions should first be studied from a Fail-
ure Mode Effect Analysis and Configuration Viewpoint, before presenting the crew
system elements in reliability logic diagrams. A reliability of 1.0 was assumed for

the crew system and crew performance in this analysis.

2.1.2.4 Ground Operational Support System (GOSS)

The Apollo-Saturn Ground Operational Support System (GOSS), composed of the Manned
Space Flight Networks (MSFN) and the Control Centers, is an information transporta-
tion system supporting the communications and tracking capabilities of the Space Ve-
hicle., GOSS is composed of complex facilities, which will be variably configured for
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each mission, as well as during each mission, and they will be operated by many and

diversified agencies,

In general, the Launch Vehicle support requirements fromthe MSFN include telemetry,
tracking, and digital command communications for 6.5 hours following liftoff (lunar
landing mission). The Command Service Module requirements include voice communi-
cations, telemetry, tracking, and digital command communications throughout the
entire mission except during periods of thrusting. Television is specified during earth
orbit and translunar coast phases. Voice communications, telemetry, and tracking
are required during operation of the Lunar Excursion Module, and television is in-

cluded during lunar surface operations.

GOSS support to the mission during earth orbit is limited to about one-third of the
time. This is due to the GOSS station location and antenna coverage with relation to
the space vehicle ground track. Launches at higher than 72 degrees azimuth, which
may be either planned or result from launch delay, could result in less coverage.

Mission events which are obscured by the moon cannot be directly support by GOSS.

Current recommended mission ground rules require mission abort when one or more
failures would result in loss of the crew. The Block II Guidance, Navigation and Con-
trol system to be used in all manned lunar flights, and included in the present analysis,
will depend on earth-based tracking. The onboard capability is retained but only as a

backup. Since there are but two means of navigation, loss of either dictates an abort.

Currently, neither Center nor contractor documents indicate that apportionments and

predictions include reliability aspects of associated ground based equipment.

2.1.2.5 Crew Safety And Mission Success

2.1.2.5.1 Mission and System Analysis

This analysis relates probabilistic measures of mission/system effectiveness to the
15 major phases of the Design Reference Mission and to Apollo-Saturn V Space Vehicle

systems making the largest contribution to mission unreliability.

2-14
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The Launch Vehicle and Spacecraft contribute about 40 percent and 60 percent, re-
spectively, to the total unreliability for the Apollo-Saturn 504 mission. (Mission un-
reliability equals one minus the probability of mission success.) The operational
mission time of the Launch Vehicle, however, is only about three hours compared to
198 hours for the Spacecraft. Thus, the unreliability contributions are 13.5 and 0.3

percent per mission hour for the Launch Vehicle and Spacecraft, respectively.

Figure 2-6 shows the ranking of the 15 mission phases by contribution to mission un-
reliability, and it indicates which system accounts for the largest share of the unreli-
ability within that phase. Also ranked are the contributions of the phases to chance of
crew loss. The transearth coast phase ranks highest in probability of crew loss. This
phase spans a longer time period (88 hours) than any other phase. In this portion of
the mission there is no alternate route to the landing area and, after approximately
first midcourse correction thrusting in this phase, neither primary nor secondary
mission abort capability exists. Consequently, mission failure in this phase is syn-

onymous with crew loss. This condition is reflected in the high safety hazard rank.

The S-IVB Jettison to lunar orbit insertion phase is the prime contributor to mission
unreliability. This phase also ranks high (second) in relative safety hazard. This
condition is due to abort criteria and abort duration. Abort criteria for the Command
Module Guidance and Navigation System require that the mission be aborted if any of
the Guidance and Navigation system equipments fail. Once initiated, abort from this
phase extends over a long flight path and requires continued use of the system whose

partial failure caused the abort.

The general assumptions applied to the equipments and functions in the formulation of
the Apollo-Saturn 504 Mission simulation model are listed as follows.
a. At the instant of liftoff, all space vehicle systems and their equip-
ments are operating properly.
b. Nominal flight trajectories and nominal environmental conditions
both external and internal to the space vehicle prevail, and nominal
system performance levels are attained by nonfailed systems and

equipments throughout the mission,

TR e
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Systems

Leading System Rank by Phase Rank by
Contributor to Contribution Relative
Mission to Mission Safety
Mission Phase Unreliability Unreliability Hazard
Earth Ascent S-1I Stage 12
Earth Orbit S-1VB Stage 11
Translunar Injection S-IVB Stage 13 14
Initial Translunar S-IVB Stage 6 13
Coast
S-1VB Jettison to csmY) Guidance, Navi- 1 2
Lunar Orbit Insertion gation and Control
Lunar Orbit Insertion Service Propulsion 12 7
Lunar Orbit Coast to LEM(z) Electrical Power 5 10
LEM Separation
CSM Solo/LEM Separa- | LEM Reaction Control 7 4
tion and Descent
Hover to Touchdown LEM Electrical Power 4 3
and Lunar Stay
Lunar Excursion LEM Guidance and 10 6
Module Ascent Navigation
Lunar Orbit Coast CSM Environmental 9 9
to Transearth Control
Injection
Transearth Injection CSM Guidance, Naviga- 11 5
tion and Control
Transearth Coast CSM Environmental 8 1
Control
Entry CM(3) Reaction Control 15 12
Parachute Descent CSM Miscellaneous 14 8

(3) Command Module

(1) Command Service Module
(2) Lunar Excursion Module

Figure 2-6. Phase and System Criticality Rankings
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' This assumption was applied to the following items:

(1)
(2)
(3)

@)
(5)

(6)

()

(8)

(9)

Flight crew functions.

Ground operational support system.

Oxygen supply (Descent), Lunar Excursion Module environmental
control,

LiOH cartridge, Lunar Excursion Module environmental control,
Portable life support system cartridge, Lunar Excursion Module
environmental control.

Ground support equipment disconnect, Lunar Excursion Module
environmental control.

Line of Sight/Velocity Indicator, Lunar Excursion Module guid-
ance, and control,

LiOH cannister check valve, Command Service Module environ-
mental control,

Backup roll attitude display, Command Service Module guidance,
navigation, and control.

(10) Entry menitor display, Command Service Module guidance,

navigation and control

c. Systems, equipments, or functions for which reliability data were

either unavailable or inapplicable were assigned a reliability of 1.0,

2.1.2.5.2  Reliability Apportionment And Prediction Estimates

Differences between the reliability apportionments and the reliability predictions for

Launch Vehicle Stages and Spacecraft Modules are ranked, below, in order of de-

creasing magnitude.
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System Difference (*)
Lunar Excursion Module +0.103
S-1I Stage +0.057
S-IVB Stage +0.040
S-IC -0.026
Instrument Unit +0.024
Command Service Module and Adapter +0.020
Ground Operational Support Unknown

Reliability apportionment and prediction values at the over-all mission and stage/

module level are tabulated in Appendix C (separately bound).

Based upon Center/contractor reliability apportionments, the estimates of mission
success and crew safety probabilities are 0.96 and 0.73, respectively, as reported in

the previous Quarterly report dated 9 July 1965 (Reference 4 of Appendix C).

Apollo Program Office estimates of crew safety and mission success probabilities,
based on current Center/contractor reliability predictions, are shown as a function
mission time in Figure 2-7. The major causes of the degradation of probability values
and the names of the mission phases are noted in this figure. The Apollo Program
office predicted crew safety and mission success probabilities for the manned lunar

landing mission are 0.96 and 0.52, respectively.
2.1.3 APOLLO-SATURN RELIABILITY PROGRAM STATUS (Figure 2-8)

2.1.3.1 Qualification Test Summary

Qualification test of all launch vehicle critical components is to be completed prior to
Apollo-Saturn 501, The detailed qualification status of each stage is discussed in
Paragraphs 2.2 through 2.5. The status of testing relating to the Spacecraft and LEM
is reported in Paragraphs 2.6 and 2.7. Figure 2-9 depicts over-all Apollo-Saturn V

component qualification status.

(*) Rounded to three decimal places.

2-18




owWIL], SNSI9A SOINIIqeqOdd £)9JeS MAI) PUE S§8900Ng UOISSIN ‘L-Z oInSij

2-19

SINOY ‘O], UOTSSTIN
003 081 091 (1341 0ct 00T 08 09 o¥ 0¢ 0

/ T T T T T Y T T T 0°0

SJINOH SS "861
UOISSIIN JO pu
ISSTA JO pul ~41°0
*9INPOJA UOTISINOXY Jeun ayj ur waskg
1omod [eota3oelq oyj o3 anp A[txewrad uonyepeaidaqg ‘G
JUS0SY S[NPOJ UOISINOXH Jpvun-] *§3J0QE JOJ Papoou Wwajskg [0xjuo) q1%°0
uorjoafu] yjieasued], uoTjoBeY SINPOJ UOTSINOXF JBUNT 03 9np uonjeperded ‘¥
uotjoafuf *juswdinba a[NPON 901AIS3E puBWIWIO) JO uorjeIado
yjaeasuel], 0} }880) JIqIO JeUNT pue saw} aseyd Suoy 09 anp Anrxrewrad vorjeperdeq ‘¢ 4€°0
*afe)gs dAI-S 9y) 03 anp A(rxewrad uorjepeadeq g
9089 9InyorIEd *a3®)8 II-S 9y3 03 onp Antxewrad uonyepeada@ 1
SINAIWINOD ¥
Lxyuyg M
€0 Jeosued Aeyg Teuny s
18800 W L puUB UMOpYONOJ 0} I9ACH dc0 B
g 15800 =
Jeun[suel], ey <
49°0

uotjexedog S[NPOJY UOISINOXH JeUun] 03 3880 JIqIO Jeun ;

jueosa( pue uoTjexedeg o[npolN _—~Y,
UOTSINOXY IBUNT/OJ0S SINPOIN SOTAISE PUBUIWIO) \\

L°0
UOT3I9SU] JIGIO Jeung uoryoafu] Jeunjsuely,
UOT}I9SU] J1qIQ TBUNT 0} UOSTHAL € AI-S HAIO Mred 2 80
Lqeqoag Ljayes maad 14 416°0
ULOSY YIEH ]
N \ I
0°1




1-08Z OdN UO poseg UOIJEN[BAF 90UBINSSY AN[IqEI[9Y AIewimung weddoad A UIn}eg

paainbay

A[renorI3U0)
uonyvjuawaTdury 1-062% OdN Jo

Jueodad  uorjejuswordui]
JuadI9d

"g-g 9In31g

|
00t

I I T
SL 0S S¢
pojuswoidw] pue paainbay
A[en30BIIU0) SIUS WD Lnqetey 1-062 OdN uadIad

asd

¢-r

-4

nI-s

dAI-S

II-s

2-20




S-IC

Stage L \

S-IVB

S-1U

SC

LEM

Percent
25 50

75

100
1 +

No Information

Progress
this
Period

Figure 2-9. Apollo-Saturn V Component Qualification Status
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2.1.3.2 Ground Support Test

Current ground testing in support of the Apollo-Saturn 504 Mission is largely restricted
to developmental testing. Tests in support of specific Apollo-Saturn 504 Mission con-

straints have not yet been identified.

Based upon development testing to date, it appears that the pacing item for the launch
vehicle is the S-II Stage. The development problems being experienced on the S-II
Stage are essentially quality and process control problems. It is anticipated that this
area will require continuing reliability and quality scrutiny throughout the life of the

program,

The Bell Aerosystems bladder development and test program continues to bear sig-
nificantly on Apollo-Saturn V reliability and is under careful scrutiny by all affected
contractors and Centers. The bladders are to be used in the Spacecraft Reaction Con-
trol Systems (CSM and LEM) and in the Auxiliary Propulsion System of the S-IVB,

Various techniques for reducing stress and friction are being studied and tested.

2.1.3.3 Weight Considerations

Current weight-capability predictions point to a 2, 000-pound difference between pay-
load weight and launch vehicle payload capability for the Apollo-Saturn 504 Mission.
The difference between the current trend of spacecraft weight growth and the growth of
launch vehicle payload capability (as of August 1965), depicted in Figure 2-10, indicates
reasons for concern. Shaded areas A and B of Figure 2-10 portray the weight growths.
Reported LEM Ascent and LEM Descent inert weights increased significantly in August.
The over-all LEM now exceeds its 32, 000-pound control limit by 67 pounds and is still
increasing. Center/contractor activities are continuing in an effort to improve this

situation.
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Spacecraft Weight At Injection

(Pounds) -

-
{ 100000 -

Predicted %z,
-

Present LOR

Control Limit

UL U SO
Reported

90000 /

85000

504 Ship
S N
80000 <>
Today 506 Ship
1964 1965 1966 1967 1968

Launch Vehicle Payload Capability
(Pounds)

| I
100000 Reported /\, --1"“~ B
o -
Predicted: -

Present LOR
Control Limit 95000

90000 I

85000 <> S LA
507 L=
Today 06 Ship
1964 1965 1966 1967 1968

Note The 504 Launch Vehicle capability for LOR mission is higher than that reported
for the 504 L/V by MSFC due to assumed removal of the R&D equipment which
weighs 5796 pounds in the S-IC stage and 1775 pounds in the S-II stage.

The 504 Launch Vehicle capability shown above is for the LOR mission. For
an earth orbital mission, payload capubility would be increased substantially over
that shown,

Figure 2-10. Spacecraft Weight at Injection Versus Launch Vehicle Payload Capability

2,1.3.4 Apollo-Saturn 501 Mission

The mission directive for the Apollo-Saturn 501 has not yet been issued nor have the

test constraints been defined, Launch vehicle critical problems affecting the Apollo-

Saturn 501 mission are as follows:

a. The qualification test program is delayed and behind schedule due to
development problems and lack of component hardware availability.

b. The S-II-1 is behind schedule due to insulation problems.

c. Launch Complex 39 GSE (including ESE) is behind schedule.

d. The time required for redesign and rework of Crawler-Transporter

bearing assemblies may cause slippage of the Apollo-Saturn 501

launch date.
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2.2 S-IC STAGE

2.2.1 GENERAL

2.,2.1,1 Summary

During this report period, the S-IC Stage continued in the ground test phase. The
"Saturn S-IC Reliability Program Plan' was revised and updated as of May 1965. Re-
liability effort was directed toward establishing the reliability of design. The basic
design release for the S-IC-1 Stage was completed in June 1965. However, there have
been continuing changes in instrumentation. Urgent changes relating to the Stage/F-1

Engine interface are also in process.

2.2.1.2 Milestones

Figure 2-11 reflects current S-IC Stage reliability and quality assurance program
milestones. All milestones through 1 July 1965 were completed on schedule with the
exceptions of: (1) Updating D5-12572-2 "Integrated S-IC System Design Analysis"
(rescheduled for 1 October 1965), and (2) completing development of the computer
program (previously rescheduled to August 1965).

2.2.1.3 Reliability Program

Reliability program status as of 9 August 1965 is shown in Figure 2-12, It should be
noted that certain NPC 250-1 requirements do not apply at this stage of the program,

Therefore, not all the elements have been 100 percent invoked.

Contractor audit of all organizations (for compliance with the Reliability Program
Plan) is conducted quarterly. Audit results have been summarized in S-IC Reliability

Program Status Documents, D5-12604-3, D5-12955-1, and D5-12955-2.
The "Saturn S-IC Parts Selection and Control Plan,' D5-11372, has been issued and

is being implemented. A total of 30 management reviews and quality system surveys

were conducted at supplier facilities by the beginning of this quarter.
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2.2.2 RELIABILITY ENGINEERING

2.2.2.1 Design
Basic design release of the S-IC~1 has been completed. However, there have been
continuing changes in instrumentation requirements. Propulsion and instrumentation

systems designs have also been increasingly affected by F-1 Engine changes.

The "Propulsion/Mechanical Systems Design Analysis' was updated to include the con-
trol pressure system design change. The "Operational Electrical Systems Design
Analysis" was released. The Electrical/Electronic systems were integrated into the
Single Thread Analysis diagram.

Major leaks and failures of gimbals and flex hose have been eliminated as valid failure
modes by revised analysis ground rules from NASA/MSFC R-P&VE-VO. The Boeing

Company reports that the ""'S-IC Single Thread Analysis" (D5-12289) has been updated
to reflect the change.

This ground rule change results in a limited single thread analysis since major failure

effects such as ""LOX tank rupture due to overpressure" do not appear.

Three design changes affecting flight article reliability have been identified; they are
as follows:

a. S-IC-1 - Two LOX depletion sensors will be disconnected for Apollo-
Saturn 501 and subsequent vehicles.

b. S-IC-4 - Provisions for increased propellant loading to achieve ten
seconds more flight time will be achieved.

¢. S-IC-4 - Incorporation of a redesigned fuel expulsion system will be

accomplished.

The reliability effect of each change is being studied.

2.2,2.2 Critical Parts

The "Ten Most Critical Parts" for the S-IC stage are depicted in Figure 2-13. These
have been derived from the "Saturn V Reliability Analysis Model, SA-501" and should

be considered preliminary.
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2.2.2.3 Mathematical Models

Boeing document D5-11954 "Saturn S-IC Stage Reliability Assessment and Prediction
Program' was revised (12 August 1965) to update the assessment technique and par-
tially revised to include the Multi-failure Math Model Technique. Results from the

revised model will be reported in the next quarterly issue of D5-11954-1, "Saturn S-IC
Stage Reliability Analysis Record. "

2.2,2,4 Apportionment and Prediction

The S-IC Stage predictions shown in Figure 2-14 were obtained from the Saturn V
Program Office. The S-IC Stage predictions reported in paragraph 2.1.2 of this re-
port are contained in Appendix C hereto.

2,2,3 TEST PROGRAM

2,2,3.1 Ground Test Program

The 8-IC-D vertical assembly was completed at Michoud. The first automatic firing
of the S-IC-T was delayed until October due to the late completion of manual testing.

Cumulative firing time on the S-IC engine was 214 seconds as of 1 July 1965,

Reliability program testing has previously been keyed to delivery of S-IC-T to MILA
in late 1967. Present understanding is that the test program is to be keyed to the
S-IC-3. This will require substantial compression of test schedules and deletion or
consolidation of test requirements.

Hardware to be subjected to reliability testing is determined by FMEA's, All critical
items will be subjected to reliability test except where similar families of hardware
exist. In such cases, only the representative "worst case' will be subjected to testing.

Hardware for all identified tests is presently being procured and testing has begun.

2.2.3.2 Qualification Test

The current status of S-IC component qualification testing is shown in Figure 2-15, As

of 1 September 1965, 17 percent of ihe items to be qualified were behind schedule.
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2.2.4 QUALITY ASSURANCE
Figure 2-16 shows reported factory failures (as of J uly 1965) on the indicated stages.
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Figure 2-16. S-IC Factory Failures as of July 1965

Figure 2-17 shows the trend in percent defective parts at final assembly of the F-1

engines,
10
8 C\)
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F-1 Engine
Figure 2-17. Percent of Parts Discrepant at Final Assembly
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Figure 2-18 shows F-1 Engine discrepancies detected at E&M Inspection.

include both pre-

and post-firing E&M.,

NOTE

These are identified as failures by the contractor but, in
most cases, are not test stand failures.

Discrepancies/Malfunctions

50

45

40

35

30 —

20
15

10

2011 2012 2013 2015 2016
Engine Number

Figure 2-18. Discrepancies/Malfunction (Failures)
at E&M Inspection F-1 Engines

The totals
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Figure 2-19 shows the number of discrepancies noted by MSFC incoming inspection on
indicated F-1 Engines. The first number in each box is the engine number. The se-
cond number is the number of discrepancies. Center GA personnel at Rocketdyne are
actively pursuing a program of improved preship inspection to reduce the steady number
of incoming discrepancies at MSFC. This is particularly important since plans are

underway to ship future engines GFE from Rocketdyne to the stage contractors.
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Figure 2-19. Engine Discrepancies at MSFC Incoming Inspection
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2.3 S-II STAGE

2.3.1 GENERAL

During this report period, three battleship firings were conducted at Santa Susana.
The battleship stage failed to pass the 20 second firing milestone due to insulation
problems. The S-II Stage is currently one of the critical pacing items for the Apollo-
Saturn 501 vehicle,

2.3.1.1 Milestones

A Quality Program plan was issued in May 1964. Monthly Quality Status Reports
were issued in June and July 1965.

2.3.1.2 Reliability Program

Reliability Program status as of 9 August 1965 is shown in Figure 2-20. It should
be noted that certain NPC 250-1 requirements do not apply at this stage of the pro-

gram. Therefore not all program elements have been 100 percent invoked.

2.3.2 RELIABILITY ENGINEERING

2.3.2.1 Design

As was previously reported, repeated insulation failures have occurred. The cause
of failure appears to be rooted in improper process specifications and inadequate in-
process inspection procedures. Action is being taken to resolve the difficulty. If
the corrective action is not effective, schedules of the S-II-1 may be adversely
affected,

2.3.2.2 FMECA

The contractor (North American Aviation) has completed a failure mode analysis for
the S-II Stage. The "Ten Most Critical Items' list (Figure 2-21) was derived from
the Saturn V Reliability Analysis Model, SA-501 and based on separately performed
criticality analyses.

SRaEE——
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Figure 2-20.
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2.3.2.3 Mathematical Models

Reliability Prediction, Assessment, and Apportionment Documents have been prepared
for the S-II Stage. The prediction model is described in North American Aviation
S&ID document, SID 62-1369, the assessment model is described in SID 63-469, and
apportionments are described in SID 62-1225.

2.3.2.4 Apportionment and Prediction

The North American Aviation "Reliability Goal Status Summary" portrays continued
erosion of reliability goals due to NASA and NAA instituted changes and variations in
the program. The largest erosion (-0. 034207) is ascribed to the engine. The "Cur-
rent Indicated Goal" for the S-II Stage is thus indicated to be 0.909470 versus the
"Initial Apportioned Reliability Goal" of 0. 950000,

Predictions for the S-II Stage shown in Figure 2-22 were obtained from the Saturn V
Program Office. The S-II Stage Predictions reported in Paragraph 2. 1.1 of this re-
port are contained in Appendix C hereto.

2.3.3 TEST PROGRAM

2.3.3.1 Ground Support Test

Battleship firing of the S-II-T Vebicle commenced in July 1965 and is scheduled for
completion by the end of the year.

2.3.3.2 Qualification Test

The current status of S-II component qualification testing is shown in Figure 2-23.

As of 1 September 1965, 49 percent of the items to be qualified were behind schedule.

2.3.4 QUALITY ASSURANCE

Figure 2-24 shows the trend in Material Review Board Actions per 1000 manufactur-

ing hours during fabrication and assembly of S-1I Stages.

Considerable difficulty was experienced with forward common bulkhead welding. The

greatest proportion of defects occurred in the initial 10 to 12 inches of the weld pass
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and were primarily inclusions and porosity. New welding techniques appear to have

nearly eliminated this problem.
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Figure 2-24. S-II Material Review Board Actions per 1000 Manufacturing Hours

2.4 S-1VB STAGE

2.4.1 GENERAL

Reliability and quality activity pertinent to the 200 series S-IVB Vehicles is reported
in Section 1. This section of the report is devoted to reliability and quality assurance
activity on the 500 series S-IVB Vehicles (S-IVB/V). Status reported here should

be viewed as an extension of that activity reported in Section 1.

R ooa1



The S-IVB-501 is scheduled for delivery to KSC on 31 July 1966. The first Douglas
prediction for the S-IVB/501 does not occur until the last quarter of 1965. The first
Douglas assessment for the S-IVB/V is scheduled for the first quarter of 1966, just
prior to static firing of the S-IVB-501 Vehicle.

2.4.1.1 Milestones

Reliability and quality assurance milestones for the S-IVB program are keyed against
stage delivery dates. The schedule and current status of the S-IVB/V are shown in
Figure 2-25.

2.4.1.2 Reliability Program

Reliability Program survey results are presented in Section 1, Figure 1-21.
2.4.2 RELIABILITY ENGINEERING

2.4.2.1 Design

S-IVB/V basic design reliability activity is related to the 200 series program. A
most significant program development affecting S-IVB/V reliability is that associated
with the Auxiliary Propulsion System bladder. Development problems at Bell Aero-
systems are affecting the S-IVB/V as well as the LEM and CSM. S-IVB/V Auxiliary
Propulsion System development engineering tests are scheduled to start in October;
whereas, slosh and vibration tests presently being accomplished by Bell for the LEM
may not be available in time to be utilized in the S-IVB/V design.

2.4.2.2 FMECA

Criticality analyses of the S-IVB/V have been performed. The criticality rankings
resulting therefrom have been utilized in the Supplemental Reliability Mathematical
Model, Saturn S-V/S-IVB Stage. The list of the ten most critical items shown in
Figure 2-26 were derived from the Saturn V Reliability Analysis Model SA-501
(dated 7 September 1965) and should be considered preliminary.
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2.4.2.3 Mathematical Model

The ""S-V/S-IVB Reliability Math Model" was issued as DAC Report SM 43610, dated
15 April 1963 and revised 15 April 1964. The Math Model for S-IVB-501 is scheduled
for completion in the fourth quarter of 1965.

2.4.2.4 Apportionment and Prediction

Predictions for the S-V/S-IVB shown in Figure 2-27 were obtained from the Saturn V
Program Office. The S-IVB Stage predictions reported in Paragraph 2. 1. 2 of this
report are contained in Appendix C hereto.

2.4.3 TEST PROGRAM

2.4.3.1 Ground Support Test

During the month of June 1965, three battleship firings were conducted for a total
firing time of 185 seconds. Restart testing was included. Fire in the engine thrust
structure caused delay in completion of the Saturn V firings. On 17 August 1965, a
successful three-orbit simulation battleship firing was conducted at SACTO. The
first firing was for 186 seconds, followed by a simulated 95 minute coast period and

a subsequent 318 second burn after restart.

The J-2 Engine FRT series has been completed. Deficiencies uncovered during the

test program are now being assessed. No impact on the flight engines is anticipated.

2.4.3.2 Qualification Test

As of 20 August 1965, qualification of S-IVB/V components was 48 percent behind
schedule (See Figure 2-28).

2,5 INSTRUMENT UNIT

2.5.1 GENERAL

2.5.1.1 Milestones

Figure 2-29 describes current Instrument Unit R&QA milestones.
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2.5.1.2 Reliability Program

The over-all IU program is developmental in nature and, as such, must rely on the
more immediate gains in order to accomplish the long-range program objectives.

It, therefore, follows that basic IU development is presently being conducted with
primary attention focused, at this point in time, on the 200 series mission essential
hardware. Section 1, of this report, outlines reliability program activities associated
with the basic development program. As further progress is made toward 500 series
hardware development, this section will be expanded.

2.5.2 RELIABILITY ENGINEERING

MSFC has prepared a criticality ranking for S-IU-501 and the ten most critical items
are shown in Figure 2-30. As noted previously, this listing has been derived from
the Saturn V Reliability Analysis Model SA-501 and should be considered preliminary.

2.5.3 TEST PROGRAM

IU component qualification test status is shown in Figure 2-31. As of 1 September 1965,

17 percent of the items to be qualified were behind schedule.

2.5.4 QUALITY ASSURANCE

IBM has reported the following problems in the Launch Vehicle Digital Computer:

a. Memory Module failures have occurred during vibration tests. These
are being investigated. Reallocation of memory modules is planned to
minimize schedule delays.

b. Recurrent separation of teflon insulation from the conductor has caused
production to be halted on new printed circuit cables having a wider
conductor (0.055 to 0.075 inch) in the cable termination area. Because
the manufacturer has not yet been able to solve this problem, cables of
the original design will be produced while process changes for the new
design are evaluated.

c. Tests on memory cores from different stages of plan manufacturing reveal
cracked cores are prevalent after X-Y, F-1, and F-2 plane tests. No
cracks were found in 6,700 cores tested from lot No. 016 before the cores
were vibrated into the matrix. The effects of vibration on cores will be

the subject of a planned evaluation.
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IBM has reported the following problems in the Launch Vehicle Data Adapter:
During vibration testing of the LVDA Triple Modular Redundant Number 1, fifteen
wires were shaken loose from terminal board 2, and small particles of solder and

other material caused intermittent short circuits.

IBM has also reported that the necessary documentation applicable to the Saturn V
Test Complex, required for contractor-acquired equipment, is behind schedule for
delivery from MSFC. This condition has an impact on the scheduled completion date

of the Saturn V Test Complex and a day-by-day slippage was reported.

2.6 COMMAND SERVICE MODULE

2.6.1 MILESTONES

| Reliability milestones for SC-017 (SA-501), SC-020 (SA-502), SC-102 (SA-503), and
SC-103 (SA-504) are presented in Figure 2-32. The first two spacecrafts are Block I
configuration. The last two are Block II configuration. Spacecraft assignments are
identified in Figure 2-33.

2.6.2 RELIABILITY ENGINEERING

2.6.2.1 Failure Mode and Effects Analysis

NAA/S&ID will prepare a basic FMEA for SC-101 (SA-207). FMEA's for subsequent
Block II spacecrafts shall be based upon the SC-101 FMEA but shall take into account
pertinent configuration changes. Block II FMEA's are scheduled to be updated by
April 1966.

2.6.2.2 Apportionments and Predictions

The Block II CSM reliability apportionments for mission success have been revised
by the contractor to reflect a change in the criteria for mission success. The
apportionments will be used to:
a. Provide mission success and crew safety reliability goals as inputs to
the CSM master End Item Specification (Block II).
b. Perform reliability trade-off studies at the hardware level to determine
hardware design goals.
¢. Provide subsystem and hardware design goals for procurement speci-

fications.

2-52




SOUOISOTIIN ANTIQRI[9Y S[NPOI 9OIAISE PUBWIWO) ‘Zg-g 9InS1g

@ oiempaeH A d1emyjos :pajerdwod
O axempieq A oxemjjog :pampoyog
Pch:
g0T-0S = £01
Z0T-0S = 20T
020-0S = 0%
LI0-08 = LI
SOLI0ATIOQ NSO g1 WInjes
Al a jroday sseurpesy YT
08 | AT A [BULI - "101Podd 7 "SSISSY I[OIYSA
N LN LI Teuld - SIS ‘01807 ‘VANJI WoIsAsgng
¢01 A 0z L1 AA MITAQY Ssourpesy 9oueidadoy Jewolsn)
Rl PELLA A II Med - 19a
8L 201 % 4 I Med - 13d
0T 20K A~ LN A orepdn “10Tpaad *‘SSOSSY "WI[AId O[OTYSA
80TZ0L 1 PEa A poaoaddy - §4dS ‘01807 ‘VAWA ‘welsdsqng
mw NQV ommvﬂ A uor1oIpaId o107 SIOTYSIA
€01 | 201 0z | L1 - S4dS 3 o180 ‘VANJI weIsAsqng
- — 4+ — |- — 4+ — 1+ —|— —|— — — —|&quoy ponss] |AAM jxodoy ssaafoad ATyjuon
AlAalAalAalalalalalAa|lAalAalAa jxodoy snjejs ANITIqereY A[Ieprend
A ojepdq) - ueld weadoxd AN[IqeIdY
Wy | pag | pug |31 |ww |pag |puz | 951 | wip |pag| puz |381 | W souojsoNIN werdoid VORY
L96T 9961 G961 ¥961

2-53




weadodq 1soL ySi[d uanjeg ofjody ‘gg-g 9ansig

SNOISSIN WYNIM ONY
NOILYINNIS NOISSIN MYNITI

X WY4o0ud IS3L 1HOIT4 -
- en " : NYNLYS 0110dY - v =023

i
3

=
Sing i

s
® =] ]

A4  Nunivs

hated el 81 NYNLVS
A8 11 HOOW =——ens) I ¥00W
i
e o 1 Nunivs
F9NVY DISEINRONVE DlikA
o v
A van var var a
Tigtt Sve 1= L0008 ey
on e
-n "o " e e

2~54




LI

The Block II CSM reliability apportionments reported in the second quarter '"Reli-
ability and Quality Assurance' status report were based on the minimum lunar stay
time; i.e., mission success was defined as "The successful completion of the mission
through minimum lunar stay (2 hours), with no failures that would require an abort,
and the subsequent safe return to earth." The contractor is now using a revised
definition which defines mission success as "The completion of the mission objectives,
i.e., the planned lunar stay through rendezvous and docking, with no failures that
would require an abort, and the subsequent safe return of the crew to earth." Mission

success apportionments have been revised accordingly to reflect the change.

The previously reported apportionments and predictions for the command/service
module are presented in the following table for Block II CSM (Ref. 122):

Reliability Reliability

Apportionment Prediction

Mission Success 0.9638512 0.9440332
Crew Safety 0.9995131 0.9969842

As a result of the changed mission success cirteria, the reliability prediction data
previously reported will also be revised. The tentative reliability prediction schedule
for SC-017 and SC-020 is presented in Figure 2-34. Subsystem crew safety appor-
tionments have not been changed. The contractor (NAA) reports the new definition has

no effect on the apportionments for crew safety reliability.

Contractor apportionments are currently based upon the 8. 28 day "LOR AMPTF De-
sign Reference Mission" issued November 1964, This document is scheduled to be
revised by March 1966 with an initial draft available by November 1965. Apportion-

ments will be revised when the new DRM becomes effective.
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2.7 LUNAR EXCURSION MODULE

2.7.1 GENERAL

Contractor reliability estimates for the Manned Lunar Landing mission have been re-
ported (83) as shown in the following:

This Quarter Last Quarter
Reliability Goal  Reliability Estimate Reliability Estimate
Mission Success 0.984 0. 866 0.884
Crew Safety 0.9995 0.9968 0.99717

The difference in the mission success estimate since the last reporting period can be
attributed to a further decrease in Reaction Control subsystem (RCS) propellant tank
reliability.

Contractor reliability numbers presented in this section are current as of August 1965.
Such current information was not available during the time the "Mission Reliability
Analysis" (paragraph 2.11 and Appendix C of this report) was developed. For this
reason, certain differences in reliability numbers and the conclusions drawn there-

from may be observed between paragraph 2.7 and Appendix C.

A major re-orientation of the LEM test program is being implemented in accordance
with LEM development schedule IlI, dated 16 July 1965. Asapartofthis re-orientation,
several ground test vehicles have been deleted and the subsystem test program re-
defined. When reliability program milestones become more firm, an updated mile-
stone chart will be added to this section of the report. A tabulation of end-item test
hardware, the current objectives, and status of each is presented in Figure 2-35.
Flight Test Articles (FTA's) 1 and 2 previously assigned to Apollo-Saturn 501 and 502
Missions have been deleted from the program. Replacement of these vehicles by suit-
ably refurbished LEM Test Article (LTA) 10 and LTA 2, respectively, has been inves-
tigated and found to be technically feasible.
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Ttem Description of Objectives Status/Comments
Test Thermal Analysis Verification Vehicle - TM-2 is a full- 1. Completion of ascent and mated
Module-2 scale thermal model of the LEM with a command module stage thermal vacuum test is pre-
(TM-2) thermal simulator. TM-2 will be refurbished for use at requisite to thermal vacuum test-
White Sands Operation (WSO) in mated firing tests with ing with LTA-8.
LTA-5D descent stage.
TM-5 Landing Stability Test Vehicle - A specially lightened 1. In manufacturing.
descent stage structure with production landing gear. It | 2. Completion of landing stability
will be ballasted to LEM inertia with c.g. position but tests is a prerequisite to struc-
at 1/6 LEM weight. tural drop tests with LTA-3.
ESI House Spacecraft No. 1, Phase 1 - ESI is used for the 1, Structure complete., Harness
electronic system integration testing and is a facsimile buildup in progress.
structure with geometrically correct equipment loca- 2. Delays encountered in subsystem
tions. It will insure operational compatibility of elec- equipment deliveries.
tronic subsystems in a LEM-1 system configuration.
LTA-1 House Spacecraft No. 1, Phase 2 - LEM configured ve- 1. In manufacturing.
hicle used for system integrations, EMC, ACE/LEM 2. [Initial ali-up system integration
compatibility, and support of LEM's. on LTA-1 rather than ESI due to
subsystem delivery delays.
3. Systems integration with ACE is
a prerequisite to LEM-1 FEAT.
LTA-2 LEM, Launch vehicle for dynamic tests - A LEM struc- 1. Currently undergoing vibration
ture consisting of a mass representation of ascent stage tests at MSFC.
and a preproduction descent stage with simulated equip- 2. Under study for refurbishment
ment. Vehicle has correct weight and c.g. for dynamic and flight on Apollo-Saturn 501.
tests. 3. Completion of vibration tests
with S-IB at MSFC required prior
to flight Apollo-Saturn 206.
LTA-3 LEM Structural Demonstration Vehicle. A structurairy 1. In manufacturing.
complete ascent and descent stage. It will be subjected 2. Completion of ascent engine hy-
to hydrostatic pressure, vibration, structural drop, drostatic pressure tests, the vi-
static structural, manned drop, and failing load demon- bration tests at ascent descent
stration tests. and boost environments, and the
static structural tests are con-
straints on Apollo-Saturn 206
flight.
LTA-4 LEM House Spacecraft No. 2 - Complete LEM configur- 1. Deleted from program.
ation to be used for ambient electronic support, system 2. Operational system vibration
vibration tests (mission level), and system drop tests. testing at mission levels to be
accomplished on LEM-2 and 3.
LTA-5D Propulsion/Structure Capability Vehicle - A flight- 1. In manufacturing.
weight structure with descent propulsion subsystem and 2. Mated firings with inert TM-2
mass representation of remaining subsystem hardware. ascent engine is a constraint on
Used for mated (with refurbished TM-2) and unmated LEM-1 Flight.
descent propulsion firings in high altitude development
facility at White Sands Operation.
LTA-8 Thermal Vacuum Demonstration Vehicle - This vehicle 1. Detail parts in fabrication.
will comprise a complete LEM-1 configuration. It will 2. Apollo-Saturn 206 Mission simu-
be tested at MSC to demonstrate manned and unmanned lation required prior to Apollo-
integrated systems performance under thermal-vacuum Saturn 206 Flight,
conditions.
LTA-10 LEM-SLA Structural Test Vehicle. This is a descent 1. Currently undergoing tests at
structure without ballast for use at NAA in static struc- NAA, Tulsa.
tural tests with SLA. Subsequent use for facility verifi- 2. Under study for refurbishment
cation at ETR. and fiight on Apollo-Saturn 502.
FTA-1 LEM compatibility with Saturn V launch environment 1.. Deleted from program.
demonstration Apollo-Saturn 501.
FTA-2 LEM compatibility with Saturn V launch environment 1. Deleted from program.

demonstration Apollo-Saturn 501.

Figure 2-35.

LEM Test Hardware
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Contractor weight evaluation and trade-off studies are continuing. The over-all LEM
weight increase during this reporting pefiod, in excess of 1400 pounds, is attributed
to increases in heat shield, ascent and descent engines, and thermal requirements.
Specific weight optimization studies are considering the Base Heat Shield, weight
trade-offs concerning the alternate nozzle for the descent engine, LTA-8 thermal
shielding, and use of a beryllium ladder. The contractor has instituted a Super Weight
Impfovement Program (SWIP).

2.7.2 RELIABILITY ENGINEERING

2.7.2.1 Design

The RCS propellant tank is a major contributor to LEM unreliability, as noted in para-
graph 2.7.1, Reliability estimates for this subsystem have been affected significantly
by problems encountered in development of propellant tank bladders.

Studies are being conducted which evaluate incorporation of a failure detection system
for the propellant bladders. The high bladder failure rate plus the long lunar stay
time make the bladders a most critical component in the LEM reliability models, es-

pecially since bladder failures are presently not detectable.

The RCS bladders, a common technology item (GAEC, NAA, and DAC), are presently
under development. It is expected that reliability improvement will become evident

as development and testing proceed.

The all -battery power generation section of the Electrical Power subsystem is under-
going early development. Current research continues to increase knowledge and con-

fidence in the all-battery system.

During this reporting period, five studies requiring system level analysis, completely
or in part, were completed:

a. Probability of LEM requiring CSM rescue.

b. Circuit breaker allotment-power distribution system.

i i imi i H PRSI S PR
c. Sequential stage separation, elimination of single point failures.
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d. Checkout and flight performance requirements.

e. Early pressurization of ascent propulsion system.

2.7.2.2 Failure Mode and Effect Analysis

A few problem areas were brought to light as a result of FMEA's performed on the
Descent Propulsion and Explosive Devices subsystems. These problem areas are

described briefly in the following paragraphs.

2,7.2.2.1 Descent Propulsion Subsystem

Problems related to the descent Propulsion Subsystem are as follows:

a. Active monitoring of the system is required to indicate to the crew
impending failure of the Gaseous Pressurant system. At present,
no such detection is available,

b. In general, the instrumentation available for the Descent Propulsion
subsystem is inadequate in that instrumentation failures will usually

generate conditions that will cause unnecessary abort actions.

2.7.2.2.2 Explosive Devices

There exists potential single failure points associated with explosive devices on LEM
which could cause loss of the crew. These are listed as follows:

a. Stage Separation Structural - The contingency of snapping opposing
bolts due to tension on landing, causing toppling or deforming of
remaining bolts, thus precluding proper separation. At present,
no failure detection method is available.

b. Deadfacer - Deadfacing Umbilical Ascent Stage/Descent Stage
(AS/DS) - Interruption of electrical connections resulting in loss
of descent and ascent engine control. Cannot cut umbilical cable;
cannot abort. Loss of crew.

c. Umbilical Cable Cutter - Umbilical cable cut causing total interrup-
tion of electrical connections resulting in loss of ascent and descent
engine control. Cannot separate AS/DS structure; cannot abort.

Loss of crew.
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The contractor's reliability organization has identified these problem areas through

FMEA's and has provided recommendations to the appropriate in-house activities.

2,7.2.,2,3 Communications Subsystem

The previous report noted the Communication subsystem as a problem area through
preliminary FMEA evaluation. This system has been the subject of comprehensive
system studies leading to several configuration changes and further use of subsystem
redundancy techniques. FMEA's are expected to be revised and updated during the
next reporting period to reflect the latest subsystem configuration and design.

2.7.2.3 Mathematical Models

Contractor mission success reliability models were developed in detail during this
reporting period (for the Environmental Control Subsystem and the Descent Propulsion
Ambient Tankage). Previously developed contractor models of the Navigation and
Guidance, Stabilization and Control, Reaction Control, Electrical Power, Propulsion,
Communication, Instrumentation and Structures subsystems have been updated as re-
quired. Studies, to describe the models at lower assembly levels, are continuing on
all subsystems. The level of detail described in the models varies with availability

of design detail, e.g., from the level of parts such as valves in propulsion subsystems
to large assembly levels of the Landing Gear Assembly or Caution and Warning Equip-
ment Assembly which still remain to be clearly defined.

During this period, a detailed crew safety model for the Environmental Control sub-
system (ECS) was developed. Previously developed crew safety models have been
reviewed and ‘updated, when applicable, on other LEM subsystems. Integration of the
detailed models into an over-all LEM System Crew Safety Model will be accomplished
during a future reporting period.

2.7.2.4 Apportionment and Prediction

Contractor reported mission success reliability estimates for the over-all LEM during
the last three reporting periods are: -0.9093, 0.884, and 0.866 (82) (83). These mis-
sion success reliability estimates are listed chronologically, but they should not be

considered as indicative of a reliability trend. The numbers, while apparently showing

E——
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a decrease in reliability, are actually the results of changes in mission profile and
modeling ground rules as well as a growth of "in depth' knowledge relating to problem
areas affecting mission success. This should be considered a normal occurrence in

a development program of this magnitude.

The estimate of 00,9093 was based on the Grumman ""Reliability Reference Mission'
profile. The later estimates are based upon the Apollo Mission Planning Task Force
Design Reference Mission issued in November 1964. Figure 2-36 compares the two
profiles. It should be noted that the "lunar stay time' has increased by approximately
30 hours, thereby affecting reliability estimates during and subsequent to that mis-

sion phase.

At this point in the LEM development program, it is expected that future reliability
estimates will begin to mature toward desired goals as mission objectives and equip-
ment operating profiles are refined, configuration trade-offs become firm, and more
experience regarding equipment and subsystem failure rates is gained from the test

program.

2.7.3 TEST PROGRAM

2,7.3.1 Summary

As mentioned in 2.7.1 above, extensive changes involving test scheduling and test pro-
gram orientation have occurred during this reporting period. LEM development sched-
ule I, dated 16 July 1965, is presently being implemented. LEM program scheduling
is directed toward completion of ground test constraints six weeks prior to launch
dates. Problems in meeting this criterion have been identified for specific test arti-

cles and efforts are underway to effect solutions.

2.7.3.2 Ground Support Test

The subsystem test logic has been revised and the Reliability Assurance Test (RAT)
program deleted from the Development Verification Test (DVT) program. It is re-
ported, however, that most of the discipline and constraints of the RAT program have

been retained in revised DVT planning.

2-62




(28) UOISSTIN 90UsIS]oY AJI[IQBI[IY /UOISSTN dousaajey udisaq '9g-z oanSiyg

S2°0 - 620 062°0 - 620 (Goejuop 03 33 00G) Buniooq o1
L91°0 - L9T°0 8€T°0 - 8€T°0 ("33 00G 03 ‘TW U G) SNOAZAIPUIY 6
0L°0 - 0L°0 I8L°0 - I8L°0 1SBO)) I9jsUBL], 8
€60°0 £€60°0 - SIT 0 8IT 0 - uo1109(u] pue JuUa0Sy paromod )
SO 0°%¢ SO 0°%3
S 0% - SN 0¥ ¥vL PE - ¥PL Ve £v)g aeun 9
060°0 060°0 - 6T0°0 61070 - umopyonoJ, 0} I2A0H g
€E€T°0 €ET 0 - ¥1°0 ¥1°0 - JI9A0H 01 UOTY)
-ufo1I94 WIOJ] JUd98d(] paiamod ¥
nqIo
0L6°0 c00°0 8960 8L6°0 10°0 896 °0 JOJSUBI], UTBWIYOH pue UOT)IOsU] €
8LY°0 - 8LY°0 €870 - €€°0 - uonIasu] 0] UONEIEdss WAl g
(youmer yjaeo-ald sanoy Q[
vLE°06 | FLE'O 06 L0°8L LETO0 0L°LL sapniou]) uorjeredog-a1d TeIOL T
SowIL, SINOY SINOH sowiL], SINOY SaINoy aseyd UIE|N aseyd
uoTSSTN | 31soog 3soog-uoN | uoisSSIN | 3sood  1soog-UON [BuUTWoON
1ejoL [ej0L

SOWIL], UOTSSTIN

SOWIL], UOISSTIN

UOISSTIN 20Ud.d9JoYy

£y1riqerey

UOISSTIN 90U9JI9JoY

usdisaqg

2-63




SO

The major portion of the LEM subsystem and component test program is in the Devel-
opment Feasibility Test and/or the Development Verification Test phase. Highlights

of test status are summarized as in the following paragraphs.

2.7.3.2.1 Descent Propulsion

Over 75,000 seconds total hot firing including 10,000 seconds throttling tests and
1,000 seconds at altitude have been accumulated. Development tests at Space Tech-

nology Laboratories (STL) are approximately 35 percent complete.

Tests on the descent engine have shown low performance and erosion of ablative thrust
chamber. Space Technology Laboratories reports initiation of studies to eliminate

these problems.

2.7.3.2.2 Ascent Propulsion

Over 30, 000 seconds total hot firing including 8,000 seconds system test and 6,000
seconds at altitude have been accumulated. Development testing is approximately 65

percent complete at Bell Aerosystems.

2,7.3.2.3 Reaction Control

Workhorse engine cluster has completed 250 runs at Marquardt. System firing tests
at Marquardt total 1,300 runs, 8,600 seconds and 18,000 starts with system testing

about 20 percent complete.

The revised failure rate for the propellant tank bladders, based upon test experience
with six-mil single ply bladders, has significantly affected the reliability of the Reac-
tion Control subsystem. Design Verification Testing on the propellant tanks has been

rescheduled pending results of bladder development tests.

A summary of major changes between Schedule III and the LEM Development Program
Schedule in effect during the last reporting period is as follows:
a. The majority of major end-items associated with the LEM Ground
Test Program reflect rescheduled test starts several months later

than planned during the last quarter Schedule, 32A. This reorientation
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results in an over-all test program compression providing little
flexibility in the event of schedule slippage.

b. LTA-4, GAEC House Spacecraft No. 2, has been deleted from the
program. A primary objective of LTA-4 was to test operative sub-
systems at mission vibration levels. This testing is now scheduled
on LEM's 2 and 3 prior to their shipment to KSC and is considered
a flight constraint on LEM-1. Slippage on LEM 2 or 3 could jeop-
ardize test constraints applied to LEM-1.

c. LTA-3 test sequence was changed to allow completion of static struc-
tural testing prior to the structural drop test program. This was
incorporated to meet the constraint of static structural test comple-
tion six weeks prior to Apollo-Saturn 206 Flight.

d. Initial "all-up" system integration and ACE checkout testing will be
conducted on LTA-1. This was previously planned tobe accomplished
with the Electronic System Integration (ESI) test rig. Delays in sub-
system deliveries have forced this change and the ESI test logic is
being revised for consistency with subsystem hardware availability.

e. The scheduled delivery of LTA-8 to MSC occurs approximately two
and a half months prior to LEM-1 launch. This may restrict envi-
ronmental testing of LTA-8 in support of LEM-1. Although pro-
grammed as unmanned, LEM-1 is to be capable of either manned or

unmanned flight.

Sea level testing of the propellant system thrust chamber assembly resulted in repeated

failures involving the oxidizer valve. The problem is presently being investigated.

2,7.3.2,4 Landing Gear

One sixth scale model landing gear drop tests have been completed.

2.7.3.3 Qualification Test

The subsystem development test logics are in process of review and revision as re-
quired to attain scheduled completion of all subsystem qualification programs prior to
15 November 1966.
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2,7.4 QUALITY ASSURANCE

2.7.4.1 Manufacturing Performance of Prime Contractor

Figure 2-37 indicates the trend in quality performance of the prime contractor during
structural assembly, final assembly, and checkout of LEM. This is shown by the num-

ber of observed defects per 1000 direct manufacturing manhours each month at the
Grumman site,

70
60
50
40

30
* W
10

1964 1965

Defects Per
1000 Mfg. Hours

Figure 2-37. LEM Manufacturing Defects at GAEC

2.7.4.2 Failure Reporting and Corrective Action

Failure report printouts from GAEC LEM failure data, from inception of the program
through June 1965, have been reviewed for quality problems of the LEM Ascent Engine

manufactured by Bell Aerosystems. Following are statistics of note:

Failures Reported (Ascent Engine) 42
Percent of Failures attributed to Quality Problems 48
Failures Reported as critical 10
Failure Reports remaining open 4

Ascent engine significant problem areas are shown in Figure 2-38.
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Reported Criticality
Failure Type Description and Remarks
Critical | Minor | None | Unspecified

Injector Faulty 5 9 - 4 This problem accounts for

Performance approximately 45 percent
of failures. Excessive
leakage, improper im-
pingement, manufacturing
errors. Eleven failures
attributed to quality
problems.

Valve Leaks - 1 9 3 This problem accounts for

or Improper approximately 33 percent

Operation of failures and is similar
to failure type reported as
currently most significant
in Gemini Propulsion
System.

Leakage between 2 - - - Design change to be made.

Shell and Abla-

tive of Thrust

Chamber

Thrust Chamber 3 - - 1 Of two "critical" failures,

Burnout one was a design problem,
one a quality problem.

Connector 1 - - - Design change.

Failure

Figure 2-38. Ascent Engine Problem Areas
2.7.4.3 LEM Subcontractor Quality Programs

According to reports by GAEC, prime LEM contractor, only two of the LEM subcon-

tractors appear to be carrying out their quality programs in a completely satisfactory
manner. The majority of LEM subcontractors appear to be having quality management
problems characterized by disapproval of their quality planning documents, such as
quality program plans, sampling plans, and material review procedures; by slowness
in submittal of quality documentation and implementation of same; and generally poor

impilementation of quality procedures and requirements.
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The last Grumman Aircraft Engineering Corporation report lists major LEM subcon-

tractor in-house quality performance as shown in Figure 2-39.

oo D

Contractor

LEM Equipment

Current Quality

Performance Rating

Aerojet General
Allison

American Bosch Arma

AiResearch

Bell Aerosystems
Hamilton Standard

Honeywell

Kearfott

Lear Siegler
Link
Marquardt
Radiation, Inc.

Radio Corporation of
America

Space Technology
Laboratory

Propellant Tanks

Descent Stage Propellant Tank
Assembly

Caution and Warning Electronic
Assembly, Signal Conditioner
Electronic Assembly, and Con-
trol Assembly

Cryogenic Tanks and Gimbal Drive
Actuator

Ascent Engine
ECS, GSE and ECS, Inverters

D'Arsonval and Cross Point
Meters

Rate Gyro, Helium Temp/Press.
Indicator, Propellant Quantity
Indicator

Attitude Indicator and Gasta
Full Mission Simulator
Reaction Control System
PCM Timing Equipment

G&N Radar, Communications, Atti-
tude and Translation Control As-
sembly, Descent Engine Control
Assembly

Descent Engine, Abort Guidance
System

Good
Good

Fair

Fair

Fair
Fair

Fair - Poor

Fair

Fair
Good
Fair
Fair

Fair

Fair

Figure 2-39. Major LEM Subcontractor In-house Quality Performance
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2.8 LAUNCH COMPLEX AND GSE

2.8.1 GENERAL

Apollo-Saturn V Vehicles will be checked out and assembled in the Vehicle Assembly
Building (VAB) and launched from Launch Complex 39. Construction of these facilities
including the VAB, three Mobile Launchers (ML), a Mobile Service Structure (MSS),
and two Crawler/Transporters, continued throughout the quarter. Inspection and tests
of facilities and equipment are being conducted by the Corps of Engineers and KSC divi-
sions. Operational tests of Crawler/Transporter No. 1 uncovered roller bearing defi-
ciencies requiring major redesign. Redesign and rework of bearings may affect the
Apollo-Saturn 501 Mission schedule.

Reliability analysis effort continued throughout the quarter. The status of this work,
with schedules, was pre'sented to the Crew Safety Panel on 21 and 22 September.

No over-all analysis of the checkout and launch operation, aimed at analyzing and as-
suring the capability to meet mission launch windows, has been undertaken. Various
techniques have been studied at each of the MSF Centers but no integrated approach
has been initiated. |

2,8.2 LAUNCH COMPLEX RELIABILITY ENGINEERING

While reliability analysis efforts on major launch complex hardware have continued
throughout the quarter at KSC, no significant results are available for inclusion in
this report. FMEA's on Swing Arms and Hold down Arms are scheduled for comple-
tion in November 1965. Criticality numbers will be completed in December for these
systems,

MSFC has performed Reliability Assurance Evaluation Surveys on suppliers of MSFC
provided launch complex equipment, Two contractors, Sanders Associates, and RCA,
have been surveyed and results are shown in Figures 2-40 and 2-41. These figures
show the degree to which contractors are implementing contractually required ele-
ments of NPC 250-1.

2-69



Percent NPC 250-1 Reliability Element Contractually
Required and Implemented

50 75 100

l

25

Contractually

Percent
Required

NPC 250-1
Reliability Elements

Failure Reporting and

Corrective Action
Parts and Materials
Reliability Evaluation

Program
Documentation of

Reliability Program

Standardization of
Design Practice

Equipment Logs
Contractor Sanders Associates

Human Engineering and

Maintainability
Design Review Program

Reliability Prediction

Program Management
and Estimation

Design Specification

FMECA

NAS8-14009

Contract No,

Percent —-l

Implementation
of NPC 250-1

Figure 2-40. Saturn V Operational Display System Reliability Assurance Evaluation
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NPC 250-1
Reliability Elements

Percent NPC 250-1 Reliability Element Contractually
Required and Implemented

100

Program Management

LI I ) L

® %%, ‘o.o.o.o‘o.o.o:o:c"'.'o .-
.

N0 OOOOOOOOOOTM

Design Specification

Reliability Prediction
and Estimation

BOCOOOOAD
LI U O

LIC I ICIE ]
SOOOBOET

OOOOOOOOBBOOOT
FMECA 0.0.0’0 LI I IC I I 0.- * 0‘0‘0’0‘0.4.0'0
° A I IO IO
W20 OO0O0OONOOOUIOOOOCK

Human Engineering and [K000000
Maintainability eseteletets

Design Review Program |[35¢5¢5262626059

Failure Reporting and
Corrective Action

Standardization of
Design Practice

y .
Parts and Materials PRI MO R IO
"] A OO0 DOCOOOO0
Program 0 NSNS BN AR IO BOBOLELOL

Reliability Evaluation

Equipment Logs m

Documentation of
Reliability Program

Contractor Radio Corporation of America

Contract No, _ NAS8-5423 \
NAS8-5433 Percent
NAS8-13007 Implementation Contractually
NAS8-11582 of NPC 250-1 Required

Figure 2-41, Ground Computers, Display and Data Link Systems Reliability
Assurance Based on NPC 250-1
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2.8.3 TEST PROGRAM

Facility compatibility with the Apollo-Saturn V vehicle will be determined through use
of the SA 500-F Facilities Checkout Vehicle. These tests are presently planned for
the first quarter of 1966. Operational tests of Crawler/Transporter No. 1 revealed
deficiencies in roller bearing assemblies. The problem is caused by bearing loading
in C/T turning operations. Other design problems have been reported in the hydraulic
leveling system and the braking system of the Crawler/Transporter.

Redesign and rework of the bearing assemblies have been estimated to require four to

six months, Any time in excess of four months will affect erection schedule of the

SA 500-F vehicle and, consequently, the Apollo-Saturn 501 Mission schedule.
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SECTION 3: AP

OLLO RELIABILITY AND

QUALITY ASSURANCE PROGRAM MANAGEMENT

3.1 GENERAL

This section presents the status of NASA reliability and quality activities necessary to

establish the broad management base required to plan, implement, and control the

Apollo Reliability and Quality Assurance Program. The information in this report is

a summary of the activities at the Apollo R&QA Program Office and Manned Space

Flight (MSF) Centers.

3.2 PROGRAM PLANNING

Apollo Reliability and Quality Assurance Offices in the Apollo Program Office and at
the MSF Centers have prepared or scheduled Reliability and Quality Assurance Pro-

gram Plans as shown in Figure 3-1.

Plan Title

Activity

Apollo Reliability and Quality
Assurance Program Plan

MSFC Saturn Reliability and
Quality Assurance Program Plan

Apollo Spacecraft Program Office
Reliability Program Plan

Apollo Spacecraft Program Office
Reliability Requirements Manual

Apollo Spacecraft Program Office
Quality Program Plan

Apollo Spacecraft Program Office
Quality Requirements Manual

KSC Apollo Reliability and Quality
Assurance Plan

Plan approved and issued August 1965,

Draft issued May 1965 has been cancelled.
Drafts are being prepared for Saturn IB
and Saturn V Reliability and Quality As-
surance Program Plans.

Approved and issued August 1964.

Issued manual was revised and updated in
August 1965.

Approved and issued February 1965.

Draft issued Maréh 1965. Scheduled for
completion September 1965.

Approved and issued December 1964. Re-
vision 1 scheduled for 4th Quarter 1965.

Figure 3-1.

Program Planning Summary



3.3 MANNED SPACE FLIGHT CENTER STATUS REPORTING

Program visibility of reliability and quality progress is attained by means of evalua-

tion and measurement of MSF Center Reliability and Quality Assurance Status Reports.

3.3.1 MANNED SPACECRAFT CENTER (MSC)

MSC/ASPO issued the first Spacecraft Reliability and Quality Assurance Quarterly
Status Report dated 15 September 1965. The report presents status of reliability and

quality activities of the Apollo Spacecraft Program, highlighting both the management

and hardware aspects of the program.

3.3.2 KENNEDY SPACE CENTER (KSC) AND MARSHALL SPACE FLIGHT
CENTER (MSFC)

No formal reliability and quality assurance quarterly status reports were issued by

KSC or MSFC during the current reporting period. However, MSFC is currently de-

veloping a sample monthly status report of the quality program for Saturn V. An ini-

tial draft of this sample report was released to the Apollo Reliability and Quality As-

surance Office for comments in September 1965.

3.4 MANNED SPACE FLIGHT (MSF) CENTER PROGRAM AUDITS

MSF Centers have been performing scheduled audits of prime system contractors and
selected subcontractors. Figure 3-2 depicts a summary of prime contractor audits
accomplished and scheduled by MSC and MSFC. There are no schedules available
from the implementing divisions at KSC, but they are performing reliability and qual-

ity audits of facility and Ground Support Equipment (GSE) contractors.

It was reported by MSC that a highly successful quality audit system had been established
and 12 audits have been completed to date. Most of the contractors have been extremely
cooperative and receptive to the audit team comments and suggestions as evidenced by a
high rate of immediate corrective actions. However, there is a general lack of timely cor-
rective action by contractors when there is disag reement with NASA over the problems
uncovered during the audits. Also, corrective action lacks timeliness when early cor-

rective action is not possible (i.e., those involving changes in facilities), thereby,
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reducing the effectiveness of the contractor's quality program. Management followup

has been initiated to help overcome this problem.

Space System

1965

S-1B Stage

S-1C Stage

S-II Stage

S-1VB Stage

F-1 Engine

H-1 Engine

J-2 Engine

Instrument Unit

Lunar Excursion Module
Guidance and Navigation (ACED)
Guidance and Navigation (MIT)
Command and Service Module

Space Suit

2 4

o 4

A 4

Qg2

A 4

A 4

v/

Q !

QYR
RV

QY3
AV,

Symbols:

Q - Quality Audit

Vv - Scheduled Completion Date
V¥ - Actual Completion Date
R - Reliability Audit

‘ - Government Agency Audit

1 - Audit Owego Facility
2 - Audit Teterboro Facility
3 - Audit Huntsville Facility

Figure 3-2. Summary of MSF Center Reliability and Quality Audits

of Prime Contractors
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Results of the initial 12 audits have indicated that the general level of contractor and

subcontractor quality program effectiveness is considerably less than required for the

Apollo Spacecraft Program.

The Saturn IB and Saturn V Project Offices at MSFC are conducting reliability evalua-
tions of prime system contractors to determine the actual implementation of NPC 250-1

as a contractual requirement and to measure the extent towhich requirements are being

quantitatively implemented.

3.5 TECHNICAL IMPLEMENTATION

Program-wide coordination of selected reliability and quality assurance activities is
being accomplished by teamwork of the Reliability and Quality Assurance Offices atthe
MSF Centers and the Apollo Reliability and Quality Assurance Office. This coordina-
tion has been directed toward the following areas where integrated effort will provide

maximum program benefit.

3.5.1 SYSTEMS NONPERFORMANCE ANALYSIS

During the past quarter, increased attention has been directed toward failure summary
reporting and trend analysis. Significant progress has been made in this activity at

both the program and project levels.

On 20 July the first Apollo program-wide presentation of failure summary data was
presented at the MSF Program Review. This presentation, while satisfactory for the
initial effort, lacked the data content and refinement required for acceptable presenta-
tion on a continuing basis. The following two major problem areas were recognized:
(1) Additional coordination was necessary with MSF Center Program Offices in order
to clarify the program level need for, and the content of, their failure summary inputs.
(2) Minor alterations and additions to the MSF Center Program Office failure reporting

systems were necessary in order to make them responsive to these failure summary

requirements.

An interim requirement instruction was prepared and distributed by the Apollo Reli-

ability and Quality Assurance Office on 20 August. This instruction established




categories of failure summary data required, provided a suggested format for data accu-
mulation, established a reporting schedule, and included definitions of terms. Coordi-
nation of this instruction between the Apollo Reliability and Quality Assurance Office

and MSF Centers resulted in a mutual understanding of requirements and problems.

At the MSF Program Review presentation, 21 September, the large number of unre-
solved failures was stressed; it was agreed that the Apollo Reliability and Quality As-
surance Office would coordinate with the MSF Centers to solve the problem.

MSF Centers, by continuing the planned program of development, have made their
failure reporting systems more responsive to Apollo Reliability and Quality Assurance
Office requirements. Additional activities currently underway at the centers will go
even further in improving their capability to provide program failure data to the Apollo
Program Office as well as to their own operations.

During this period, MSFC initiated negotiations with prime contractors to contractually
cover failure reporting. A contract change was negotiated with Douglas Aircraft Com-
pany, and implementation of the agreement is underway. Negotiations are proceeding
with Boeing Company, Chrysler Corporation, and North American Aviation; they are
expected to be finalized in the near future.

The Saturn V Program Office is instituting evaluation and reporting on reliability and
quality from both hardware and system standpoints. This evaluation, performed
monthly, will be utilized primarily for Saturn V management visibility.

The KSC failure reporting system is retrieval-oriented, and it can meet Apollo Relia-
bility and Quality Assurance Office requirements with their generalized computer
programs.

3.5.2 SINGLE POINT FAILURE ANALYSIS

Each Directorate in the Apollo Program Office has prepared an action plan based upon
assigned responsibilities which are as follows:
a. Program Control - Logistics (Propellants and Transportation).

b. Test - Manufacturing and ground test facility.
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c. Reliability and Quality - Space vehicle and associated GSE, launch
complex and associated GSE.

d. Flight Operations - The operational support and recovery system.

The Apollo Reliability and Quality Assurance Program Office has coordinated all the

action plans and prepared an Apollo Program Directive for distribution,

KSC is performing Failure Mode and Effects Analyses (FMEA's) on all launch support
equipment over which they have design cognizance. The FMEA's are used to identify
single point failures which could cause loss of life, vehicle loss, launch scrub, or
launch delay. KSC program management completed (September 1965) a series of
meetings to review all single point failures on the Saturn IB program that could cause
loss of life or vehicle. This review included an evaluation of proposed redesign or
design modification to design out Priority I items. It is planned to broaden the scope
of this review to include Priority II and III items for Saturn IB and, ultimately, Pri-
ority I, II, and III for Saturn V. KSC presented the results of the Saturn IB FMEA and
criticality number determination to the Crew Safety Panel on 21 and 22 September.
The holddown arms and swing arms were reviewed in detail. Priority I is broken into
two categories:

a. Safety Systems - Systems which cannot actually cause loss of the vehicle
or loss of life, however, their failure to function when a hazardous con-
dition exists could allow the condition to continue, resulting in possible
vehicle loss or endangering crew safety.

b. In-Line Systems - Systems in which failure can actually cause a haz-

ardous condition.

3.5.3 TRAINING

The Apollo Reliability and Quality Assurance Office and NASA training offices at each
of the MSF Centers continue to provide support to personnel assigned to the Apollo
Program. Support has taken the form of a coordinating action in assisting Apollo Pro-
gram contractors to establish and maintain effective training programs and in making

reliability and quality assurance courses and facilities available to NASA Apollo

Program personnel.




The following compilation, Figure 3-3, shows total N/.SA personnel enrollment in

available reliability and quality assurance training program for fiscal year 1965,

NASA Participants
Course
Course Title Hours | MSC | MSFC | KSC
NASA
Quality Surveyors' Seminar 40 11 65 7
Reliability Surveyors' Seminar 40 1 34 15
NASA Quality Requirements and NASA Plant Representative 80 10 70 16
Standards and Calibration Laboratory 40 1
Reliable Electrical Connections (Hand Soldering) 80 4 27 45
Wave Soldering 40 6 2
Crimping 40 2 5
Module Welding 80 2 8 2
Automatic Systems Checkout Orientation 80 8 23 4
Standard Acceptance Test or Launch Language 40 8 23 1
RCA-110A, Computer Programming 80 16 1
Digital Events Evaluator 80 11
RCA-110A, Computer Maintenance 200 8
Optical Alignment (Basic) 80 40 3
Optical Alignment (Advanced) 80 8 2
Cleaning Control and Fluid Analysis 2 2
Air Force Logistic Command - Wright Patterson AFB
Management of Quality Control 80 1
Army Management Engineering Training Agency
Statistical Quality Control 80 1
Inspection Planning 40 2
. Seminar for Quality Managers 40 3
University of Connecticut
4th Quality Control Management Institute 40 2
5th Annual Statistical Quality Control Institute 80 1
Purdue University
Statistical Methods and Advanced Quality Control 80 1
Massachusetts Institute of Technology
Probabilistic Systems Analysis 80 1
University of California
Systems Approach to Reliability 40 2
Management Seminar in Reliability and Engineering Operations 80 1
Non-destructive Testing Principles and Laboratory Practices 80 1
Mechanical Metrology and Measurement Standards 80 1
Chrysler Corporation
Human Factors and Maintainability 80 3
Sheffield Corporation
Industrial Metrology 40 1
American Welding Society
Testing and Inspection of Welds 16 1
George Washington University
Maintainability Engineering and Management 40 1
University of Arizona
Reliability Engineering and Management 40 2
American Management Association
Quality Control Course 40 1
47 359 111

. Figure 3-3. NASA Apollo Reliability and Quality Training Program Status



In addition to established reliability and quality assurance courses, the programs

listed in Figure 3-4 are presently under development by MSF Centers.

Evaluation for Relia-
bility Assurance
Personnel

Course Course Development
Title Hours Description Responsibility*
High Pressure Systems 80 Methods of fabrication, assembly in- Code: R-QUAL-OT
RQA/M9 spection, and testing of reliable high
pressure fluid and gas systems.
NASA Requirements in 80 Techniques and methods of evaluating Code: R-QUAL-T
Metrology RQA/G5 calibration capabilities of supplier
field installations.
Reliability Training 30 Reliability measurement, uses, and Code: KR
(General) limitations of reliability.
Nondestructive Testing 80 Basic requirements of five techniques Code: R-QUAL~-OT
RQA/M1 and RQA/M2 of nondestructive testing; NASA
specification requirements and their
interpretation, contractor evaluation
of nondestructive testing techniques.
Electromagnetic 80 Comparison, interpretation and Code: R-QUAL-OT
Intexrference application of MSFC-279 and
MIL 6181B.
Electromagnetic 40 EMI/EMC consideration at manage- Code: MAR
Compatibility ment and technical levels. Factors
controlling project specification,
design considerations and cost factors
related to EMC are discussed.
Reliability Evaluation Code: KR
Courses
Test and Checkout Sur- 6-12 These short courses are under de-
veillance Management velopment to indoctrinate new relia-
Orientation bility personnel to make reliability
_ _ evaluations and to orient project
Te'st and Checkqut Sur 30-40 managers in the benefits to be ob-
veillance Technical
C tained from reliability evaluation
ourse
procedures.
Reliability Program 6-12
Evaluation Management
Orientation
Reliability Program 30-40

*Note: Administration and coordination of Training Program between the respective MSF Centers
is provided by Code BPT, NASA Headquarters, Washington, D.C.

Figure 3-4. Reliability and Quality Assurance Courses Under Development
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3.5.4 MOTIVATION

In the area of reliability and quality motivation, the Manned Flight Awareness Pro-

The film,
"The Essential Component," produced for the program has found acceptance, and it

gram initiated by MSFC continues to expand its activities and influence.

is being used extensively in Apollo motivational programs and for orientation of new

personnel,

Motivation programs currently reported as being implemented by Apollo contractors

include those shown in Figure 3-5,

Apollo Contractors Motivation Program

Spacecraft

North American Aviation, S&D PRIDE - Professional Responsibility In

Daily Effort
STERLING

PRIDE - Professional Responsibility In
Daily Effort

Grumman Aircraft Engineering Corp

AC Electronics Division

General Electric Company

ZD - Zero Defects

Launch Vehicle

The Boeing Company

Chrysler Corporation

ZD - Zero Defects
CARE - Chrysler Always Requires

Excellence

North American Aviation, S&D and

PRIDE - Professional Responsibility In
Rocketdyne Division

Daily Effort

VIP - Value In Performance
MFA - Manned Flight Awareness
MFA - Manned Flight Awareness
MFA - Manned Flight Awareness

Douglas Aircraft Company
Electronics Communications, Inc.
Bendix

International Business Machines Corp

Figure 3-5. Apollo Motivation Programs
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MSFC, commencing this quarter, has prepared a traveling van exhibit to visit Saturn ‘
contractors and subcontractors. Those who have received the presentation during
this quarter are shown in Figure 3-6. It is scheduled for Southeastern United States

the last quarter of 1965 and the West Coast the first quarter of 1966.

Date of Visit Company Visited
30 Juneto 4 July 1965 Bendix Corporation, Teterboro, N.J.
6-8 July ACF Electronics, Paramus, N.d.
9-14 July IBM, Owego, N.Y.
15-17 July Maratta Valve Corporation, Boontown, N.dJ.
20-23 July Rome Cable Division of ALCO, Rome, N.Y.
26-27 July Bulova Watch Company, Long Beach, N.Y.
28-29 July AVCO Corporation, Lowell, Mass.
2-3 August ITT, Clinton, Mass.
5-8 August MIT/Instrument Laboratory, Cambridge, Mass.
9-10 August Nortronics Division, Norwood, Mass.
16-18 August NASA, Washington, D.C.
23-24 August Sperry Farragut Company, Bristol, Tenn.
30-31 August AVCO Corporation, Nashville, Tenn.
September Return to Huntsville, Alabama, for internal

use, local contractors, and rework.

Figure 3-6. Saturn-Apollo Manned Flight Awareness Presentation Schedule

3.5.5 PARTS AND MATERIALS PROGRAM

An Apollo Parts and Materials Management Panel has been established to coordinate
MSF Center parts and materials activities. Members of the panel are an Apollo Re-
liability and Quality Assurance Office chairman and MSF Center representatives.

The Panel will foster mutual cooperation and exchange of information by illuminating
center activities and needs. Panel meetings were held to draft the panel charter and

discuss formulation of the Apollo Parts Information Center (APIC).

3-10




Plans for APIC include the following three developmental phases:
a, Utilization of existing PRINCE capabilities and adjustments to ini-
tiate APIC.
b. Refinements to APIC to assure agreement with the Apollo Reliability
and Quality Assurance Program Plan.

c. Continuing APIC program refinement.

The MSC Parts Working Group held meetings with prime system contractors and dis-
cussed specific part failures and the document titled Parts Qualification Ground Rules.

One of the purposes of this document is to establish a framework for better uniformity
of parts qualification data.

MSC has encountered a problem in obtaining sufficient parts lists from North American
Aviation and its subcontractors for publication of a parts list by 15 October 1965. A

concerted effort is being carried on to obtain the required information.

' 3.5.6 CREW RELIABILITY STUDIES

The Apollo Reliability and Quality Assurance Office is continuing support of OMSF
Contract NASw-1187 with the Martin Company, Baltimore, Maryland, for studies on
crew performance. Results are available from lunar landing mission simulations

from 24 June to 2 July 1965 (Mission I) and from 6 August to 13 August 1965 (Mis-
sion II). The third mission simulation began 17 September 1965. Each of the first

two missions progressed well, and the performance of crews was quite high.

Data reduction will be performed as a MSC sponsored work effort. It is planned to
convert data into such factors as the following:

a. Percent variability in performance from pilot to pilot and from the
theoretical optimum.
b. Instrument panel layout optimization.

c. Nature of errors induced by the crew.
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A synopsis of flight performance and preliminary mission data summaries for the

first two missions is presented in Figure 3-7.

Flight Performance Summary

Activity

Mission I

Mission II

1 Flight Control

2 Guidance and Navi-
gation Sighting Angles

3 Switching

All measures were within
performance criteria for
all pilots, all phases, and
all parameters.

All pilots for all phases
were within the +2°per-
formance criterion.

Total Switches 6547

Total Switch Deviations 20
Mission Switching
Reliability 0.997

No instances of performance
exceeding criteria value.
Two instances of perform-
ance equaling criteria
value.

All sighting errors were
within +2° system tolerance.

Total Switches 6443
Total Switch Deviations 7
Mission Switching

Reliability 0.999

Mission Data Summary (Preliminary)

Contract | Mission I |Data Points| Mission II|Data Points
Task Goal Trials Lost Trials Lost

Switching 6594 6547 47 6443 151
CM Flight Control 98 96 2 98 0
LEM Flight Control 63 46 17 66 0
G&N Switching Angles 80 146 0 143 0
Isometrics 100 77 23 99 1
Malfunction Correction 20 23 0 23 0

Total 6955 6935 89 6872 152
Percentage of total 1.3 2.2
flight data

Figure 3-7.

3.5.7

RELIABILITY MANAGEMENT STUDY

Flight Performance and Preliminary Mission Data Summaries

The Apollo Reliability and Quality Assurance Office is conducting a study to define ex-

isting reliability interfaces and relationships at the program level and the manner in

which reliability implementation is accomplished. To date, the study has encompassed

the relationship of Apollo reliability policy with Apollo Program and NASA policy.
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Conclusions and recommendations from this study suggest the establishment of de-
tailed reliability and quality milestones as a part of the Apollo Reliability and Quality
Assurance Program Plan, correlation of the proposed milestones with Manned Space

Flight schedules to implement performance evaluations, and improved information

handling and interchange among management organizations.

3.5.8 INCENTIVE CONTRACTS

The Office of Manned Space Flight has established an objective of converting all ten
major cost-plus-fixed-fee hardware contracts to an incentive basis during 1965, in

accordance with the schedule shown in Figure 3-8.

To define OMSF policy and assist MSF Center reliability and quality organizations in
contract conversions, the Apollo Reliability and Quality Assurance Office issued a re-
port on 13 September, which defines general requirements to be met by schedule, cost,
and performance incentives. Features of the report include the following:
a. Establishment of incentive priorities.
b. Definition of required reliability and g
c. Selection of key reliability and quality performance milestones based on
reliability and quality assurance plans.
d. Establishment of performance criteria to assist MSF Centers during pre-
negotiation phase.
e. Establishment of incentive categories; namely, milestone incentives,

early indicator incentives, and mission success incentives.

3.5.9 APOLLO PROGRAM RELIABILITY AND QUALITY GUIDELINES

A summary of Apollo Reliability and Quality Assurance standards, procedures, and
guidelines being prepared or in process of being coordinated or issued is shown in
Figure 3-9.

3.5.10 QUANTITATIVE RELIABILITY ANALYSIS

The plan for Apollo Program Quantitative Reliability Analysis, presented by the Apollo
Reliability and Quality Assurance Director at the MSF Program Status Review Meeting
in March, has been partially implemented by MSF Centers. For this plan to be effec-
tive, each MSF Center and contractor must prepare a reliability model reflecting the
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No.

Title

Activity During
this Quarter

Present Status

Guideline for Interpre-
tation and Selective Ap-
plication of NPC 250-1

Coordination draft was
reviewed by Apolio Pro-
gram Office and Centers
in August 1965.

Revised guideline draft,
incorporating inputs
from the August Review
Meeting, was completed
30 August.

Guideline for the Prep-
aration and Maintenance
of Equipment Logs

None

Draft of the guideline is
being reviewed by the
Centers.

Guideline for Estab-
lishing Apollo Parts
Programs

Comments received from
the Centers were re-
viewed and the February
draft of the guideline was
rewritten to incorporate
these inputs.

The revised draft of the
guideline to be completed
30 September 1965,

Guideline for Failure
Mode and Effects
Analyses and Criti-
cality Analysis

The June 1965 draft of
this guideline was re-
written incorporating
coordination inputs.

The third draft of this
guideline completed
1 September 1965.

Electromagnetic
Compatibility Princi-

- ples and Practictices

Copies of the manual
were reproduced for use
in conducting the initial
EMC Awareness Course.

Draft copies of the man-
ual are presently
available.

Identification for
Traceability
Standard

Preparing coordination
drafts of Standard.

Scheduled to be com-
pleted 30 September 1965.

Review and Disposi-
tion of Nonconforming
Material on the Apollo
Program

Title changed from
Policies and Proce-
dures for Review Board
Activities. Centers'
review comments of
draft being incorporated
into coordination draft.

Scheduled to be com-
pleted 30 September 1965.

Quality Audit
Handbook

Prepared Preface and
Introduction pages.

Included in Handbook,
August 1965,

Preparation of Con-
tractor's Quality
Program Plan

No Activity.

Coordination with Cen-
ters complete. Ready
for publication.

Figure 3-9. NASA Reliability and Quality Assurance Guidelines
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Activity During

No. Title this Quarter Present Status

10| Apollo Metrology Re- Coordination comments Final draft is awaiting
quirements Manual were resolved and in- number designation and

corporated into Manual. printing.

11 | Directory of Laboratory | Draft completedJuly 1965.| Review in process.
Locations and Metrology
Capabilities

12 | Preparation of Sup- No Activity. Coordination with Cen-
plier's Inspection ters complete. Ready
Plan for publication.

13 | Index and Format of Draft completed June 1965 Review in process.
Certification and Cali-
bration Procedures

14 | Interlaboratory Com- Report on recommended First draft of the Pro-
parison Procedure "Interlaboratory Com- cedure is inpreparation.

parison Procedure' was
completed June 1965,

15 | Quality Requirements Investigated Status and Final draft to be com-
for Separable Fluid probable impact on pleted 30 September 1965,
Connectors and Apollo.

Fittings

16 | Cleanliness Standards Issued Certification Pro- | Contamination Control
and Contamination cedure for Contamination | Handbook scheduled to
Control Control. be completed

December 1965.

17 | Process Specification No Activity. Distributed to Centers

for Radiography for review and comment
in May 1965.
18 | ASPO Reliability and Report Completed. Expected Approval

Quality Assurance
Policy for Material
Review Board Ac-
tivities on Apollo
Spacecraft Program

September 1965.
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level of detail necessary for its own program. At a coordination meeting in May, it
had been agreed by MSF Center and contractor personnel that the analysis approach

outlined by the Quantitative Analysis Plan could be implemented without serious impact
on the contractors. -

Major problems previously revealed which still are not resolved include the following:
a. Lagging launch availability analysis.

b. The need for early determination of reliability mission profile.

The development of a compatible family of reliability analysis models within the Apollo
Program is dependent upon the utilization of a common mission by contractors and
MSF Centers at all levels. MSC and the spacecraft contractors are working to a De-
sign Reference Mission, which needs to be broadened in scope to include more com-

pletely the launch vehicle and launch complex.

Organizational and technical requirements have been established at MSC and the
system is producing significant outputs. As shown by Figure 3-10, prime contractor
models have been reviewed and a level I model is being assembled. Initial contrac-

tor reviews have been followed by working sessions to revise and update information
for compatible analyses.

1965

System J A S (@) N D

Spacecraft

204 Configuration \V ;

504 Configuration
Lunar Excursion Module

200 Series Configuration \V4 '
500 Series Configuration \V/

Guidance and Navigation

204 Configuration g '

504 Configuration '
V Schedules v Actual

Figure 3-10. Reliability Analysis Review Schedule
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MSC also has initiated a Project Apollo Spacecraft Reliability Analysis Management '
Panel with the expressed purpose of coordinating and expediting the timely accomplish-

ment of a complete quantitative reliability analysis of the Apollo Spacecraft and the

associated support equipment for each Lunar Landing Mission EApollo—Saturn 504

(CSM-102 and LEM-4) and subsequent| and designated preparatory missions [Apollo—

Saturn 204 (CSM-012) and subsequent] . MSC has major elements of the Apollo-

Saturn 504 Spacecraft model in place, but current major acitvity is directed toward

the Apollo-Saturn 204 Mission,

Panel meetings have beenheld in June, July, and September, and future meetings are
scheduled bimonthly hereafter. At the first meeting held in June, the panel reviewed
the charter, and each contractor appointed a permanent representative to the manage-
ment panel. The panel, at subsequent meetings, has established failure criteria for
Spacecraft equipment and discussed in detail the procedures for Apollo Spacecraft

Quantitative Reliability Assessment.

The MSC Management Panel has also conducted an Electronic Data Processing Inter-

face Study which shows a need for a common equipment code. None of the Spacecraft
model ingredients at Grumman Aircraft Engineering Corporation and North American
Aviation are available on magnetic tape in a form which would be suitable for process-
ing at the center. The Study results also indicate that tape transmittals between MSC
and the contractors cannot be expected until 1966, and computer compatibility problems

require further study.

Meetings have been held at MSFC during September to discuss the level II launch

vehicle model. As a result of these meetings, level II and level III model reviews will
be scheduled.

3.5.11 SATURN POST-LAUNCH FAILURE SUMMARY REPORTS

Beginning with SA-5 and continuing through SA-10, the KSC Reliability and Quality Assur-

ance Office has published failure summary reports within 30to 60 days after each Saturn

launch. The latest documents published in this series are Failure Reporting Summary,

SA-8 Pre-Launch Test and Checkout at KSC, dated 7 July 1965, and Failure Reporting

Summary, SA-10 Pre-Launch Test and Checkout at KSC, dated 10 September 1965. '
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These documents contain information received on failure reports, which consist of

Unsatisfactory Condition Reports, written by KSC organizations and Chrysler Corpora-

tion Space Division; Failure and Rejection Reports, written by Douglas Aircraft Com-
pany; and Parts Discrepancy and Disposition Reports, written by Fairchild-Hiller.

The information contained in these failure reports is analyzed and the following data

is presented:

a.

b.

Charts, tables, and narrative information concerning failure reports and
problems encountered during vehicle launch operations.

The number of reports written against vehicle, stage, and ground support
equipment for each launch.

Reports written on equipment, the failure of which can cause loss of
vehicle, loss of life, launch scrub, or launch delay with associated
analysis findings.

Number of failure reports written during each calendar week and the
operation in process when the failure or problem was detected.

The most frequently reported generic items, such as amplifiers, cable
assemblies and valves, and details including information on failures of
identical part numbers during previous Saturn vehicle operations.

Failure of time-and-cycle critical components at KSC.

Failure reports written on the current vehicle and associated ground sup-
port equipment functional systems.

Significant checkout problems, countdown demonstration problems, and
countdown problems occurring during launch operations on the current
vehicle as well as final resolution of countdown problems occurring during
terminal countdown of the previous Saturn vehicle.

Failure reports written on tracking, telemetry, and ground measurement

instrumentation equipment used to support Saturn launch operations.

These failure summary reports receive wide distribution within KSC and MSFC, and

copies are forwarded to MSC, NASA Headquarters, Saturn stage contractors, and

NASA Center launch teams located at Cape Kennedy, such as Goddard Space Flight

Center and Jet Propulsion Laboratory.
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10.

11.

12.

13.

14.

15,

16,

17,

APPENDIX A
REFERENCE DOCUMENTS

NASA/OMSF, "Manned Space Flight Schedules (U)," August 1965,
CONFIDENTIAL,

NASA/OMSF, RA-018-001-1, "Apollo R&QA Program Quarterly Status
Report (U)," 9 July 1965, CONFIDENTIAL,

NASA/OMSF, Level III Reliability Math Model Review at NAA/S&ID on
10-12 August 1965; Report on 14 September 1965,

NASA/OMSF, MAP-1 Weekly Highlight Reports, 1 July 1965 through
9 September 1965.

NASA/OMSF, "Proceedings, Apollo Mission Reliability Analysis Guidelines
Conference, " Apollo R&QA Office, 11-12 May 1965.

NASA/OMSF, NHB 5300. 1 "Apollo Reliability And Quality Assurance Program
Plan (U)," 1965.

NASA/OMSF, "Apollo Program Flight Mission Directive for Apollo-Saturn 202
Mission."

NASA/OMSF, M-D MA 2240. 061, "Apollo Program Flight Mission Directive
for Apollo-Saturn 201 Mission," 13 May 1965.

NASA/OMSF, SE 005-001-1, "Apollo Program Specification (U)," May 1965,
CONFIDENTIAL,

NASA/OMSF, Apollo R&QA Office, Internal Memorandum, Subject: Apollo
Incentive Conversion Schedule, 10 September 1965.

NASA/OMSF, "Manned Space Flight Schedules (U)," September 1965,
CONFIDENTIAL,

NASA/MSFC, "Saturn V Program Development Plan (U)," October 1964,
CONFIDENTIAL,

NASA/MSFC, "Launch Vehicle Digital Computer & Data Adapter,' Contract
NAS8-11561, IBM.

NASA/MSFC, '"Fabrication of Launch Vehicle Digital Computers, Data Adapters
& Associated Hardware for Saturn IB/V,'" Contract NAS8-11562, IBM,
September 1964,

NASA/MSFC, "ST-124M Stabilization Platform System & Associated Equipment
Design & Documentation,' Contract NAS8-5399, Bendix, August 1963.

NASA/MSFC, "ST-124M Stabilization Platform System & Associated Equipment
Design & Documentation,' Contract NAS8-13005, September 1962.

NASA/MSFC, "Flight Mission Directive Apollo-Saturn 201 Mission,"
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18.
19.

20.
21.

22.

23.

24.

25.

26.
27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

NASA/MSFC, "Flight Mission Directive Apollo-Saturn 202 Mission, " Draft. ‘

NASA/MSFC, Dwg. 10M30152, "Saturn IB/SA-201 Flight Sequence, "
23 March 1965.

NASA/MSFC, "Saturn I/IB Program Meeting," MSFC/MAR, 23 April 1965,

NASA/MSFC, "Reliability Assurance Evaluation Program of Contract
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